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INTRODUCTION 


I: is not very often in the history of 
technology that an achievement can be precisely credited, but there is 
no doubt that Wilbur and Orville Wright were the first to fly a powered 
heavier-than-air craft. Balloons, airships and gliders had contributed to 
the pool of knowledge of flight; Hiram Maxim's steam-powered fivmg 
machine actually lifted itself off the rails in 1894, but the rails themselves 
were designed to prevent free flight. It was not until Kitty Hawk in 1903 
that Man was finally able to imitate the birds. 

For it was only with the combination of aerodynamic design and a 
suitable powerplant that the practical experience of flight could begin 
to be collated. Only sıx years later, Bleriot flew across the Englısh 
Channel. Only 24 years after Kitty Hawk, Lindbergh flew alone across 
the Atlantic. And less than 45 years after the success of the Wright 
Brothers, men could fly faster than the speed of sound. Since the ancient 
dream of flight became a reality, its development has been astonishingly 
rapid. 

Aircraft and Airports tells the whole exciting story: from the Mont- 
golfier balloon of 1783 through Otto Lilienthal's successful glider 
experiments to the Concorde, and even the acrodynamic aspects of the 
proposed space-shuttle craft. The technology is explained with the help 
of diagrams and cut-away views; flight electronics, aerial photography 
and many other aspects are fully elucidated. The book is a concise, yet 
remarkably complete record of the most exciting chapter in the history 
of technology. 
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BALLOONS AND AIRSHIPS 
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neither 
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flammable, but helium, which is safer because it 
burns nor forms explosive mixtures with ar, 
expensive than hydrogen in most countries, except the USA 

These factors aside, there are other aspects of gas and hot 
air which have resulted in the development of two distinct 
types of balloon, different in design, performance, and to 
some extent in the manner in which they are controlled 
Gas balloons 
Hydrogen casily penetrates most materials and the fabric of 
a hydrogen balloon envelope is therefore quite heavy, about 
half the total weight of the balloon, made trom tabnc im- 
pregnated with rubber or neoprene. The 
spherical, the most cihacnt shape to contain a given 
volume. and is contained in a string nct which distributes 
the load evenly over the fabric. Below the envelope, the 
net is drawn together at a load ring, from which a basket 
to carry crew and equipment عد‎ suspended. 

The envelope is not scaled: at the bottom is a long narrow 
open tube called the appendix. As the balloon rises, atmos- 
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valve in the top of the 


cord down to the hasket and ts held shut bà ms (i 
elastic. The height to which a balloon can rise is limuted 
be MISC the density of the atmosph te decreases (the an 


becomes thinner) as the height above sea level increases 
Iheretore, as the balloon rises, the ait around it becomes 
less dense, until it reaches a height at which the atmaspheri 
density is as low as the total density ol the balloon. At this 
point, as the densities arc cqual, the balloon is in equi 
librium with the air and will not ris 

The small valve and the ballast are the 
trol in a gas balloon. Once the balloon is in cquihbrium, they 
will not need to be used much unless the b fected 
hv outside factors, "eneral cooling or heaung o 
the outside air, which will cause the lifting gas to contract or 
expand, Gras balloons, therefore, have very good endurance 
On the other hand, every manoeuvre ın a gas balloon is a 
""usting process: even to descend t Is necessary to get rid 
of gas. 

Operationally, then, the main 
are endurance und lifting power 
are the cost and inconvenience of inflating the balloon, a 
process which can take as long as two hours 
Hot air balloons 
Modern hot air balloons arc 
cant design development to have taken piace since balloons 
were invented. Despite their relatively poor ufting power 
and endurance, they have been responsible for a tremendous 
upsurge in the sport because of their low running costs, 
their simplicity, and their safety 

Structurally a hot air balloon is quite dillerent Irom a gas 
balloon. Hot air cannot penetrate fabrics in the way that 
je of very light 
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hydrogen can: the envelope is therefore ma 
material, usually rip-proof nvlon treated with polyurethane 
to reduce porosity 
The profile of a hot air balloon is termed ‘natural shapi 

wide at the top tapering towards the bottom in the shapc 
naturally created by the internal pressure. Loads arc carrıcd 
on tubular nylon tapes scwn into and integral with the 
envelope From these tapes, steel wires lead down to the 
burner, which is in the same position as the load ring on a 
gas balloon 


Left: an engraving of the first manned hydrogen balloon Jhzhi, in 
December 1783. The fight began at the Tulertes Palace in Parts 
and ended in a field near Neue, a distance of 27 mies! 43 km Q 


Ihe basket ts suspended from the burner by steel wires 
or a mgid structure, depending on the manufacturer, At the 
hase of the balloon there is a large opening to allow heat 
irom the burner to enter. A modern hot air balloon burner 
uses propane, which ts fed under its own bottle pressure to 
the burner jets. The heat generated may be anything from 
3 to $ million Btu per hour, much more than many 
industrial space heaters. 

Hot mr balloons are fundamentaliv different from gas 
balloons in that it is possible to increase or decrease the lift 
simply by heating the air or allowing it to cool. Ballast and 
valve are therefore nor strictly necessary, When flying a hot 
air balloon the pilot simply turns on the burner if he wants 
to ascend, and leaves it off and allows the air to cool if he 
wants to descend. The air in fact takes some time to cool, 
and the burner can be left off for quite long periods before 
the balloon starts to lose height. Inflation can be accom 
plished in a matter of minutes and this compensates for the 
relatively poor endurance of hot air balloons (up to about 
hve hours depending on the load), since several flights can 
be made in a single day 

One control is common to both types of balloon. This is 
the ripping pane), a panel in or near the top of the balloon 
which can be opened quickly on landing 10 deflate the 
balloon rapidly. Unless this panel is opened the balloon acts 
ike a sail and can drag the basket and its occupants a con- 
siderable distance. In the early days before the ripping panel 
wasinvented (in 1839), balloonists were on occasions dragged 
aterally miles over the countryside before being stopped by 
4 tree or simular obstacle. Hot air balloon ripping panels are 
held closed with a self fastening material such as Velcro, and 
van be secured ready for fight ın minutes. Gas balloon 
pancis have to be sewn and gummed to prevent lcakage 
The airship 
here are, or have been, three categories of airship: rigid, 
semi-rigid and non-rigid. The rigid types consisted of a 
light metal framework containing several gasbags slung 
inside under nets, and with a separate outer cover. The 
German Zeppelins and most airships of the 19208 and 
1930s were this type. The metals used were aluminium 
alloys, the outer skin was of cotton, and the gasbags were 
cotton lined with ‘goldbeater’s shin’, a thin membrane 
taken from the intestines of cows, 

The other types, semi-rigid and non-rigid, are known as 
pressure airships since their shape is maintained mostly by 
the internal pressurc. The semi-rigid types had a metal keel 
along the length of the envelope. The Norge, an Italian air- 
ship which flew from Rome to Alaska over the North Pole in 
1926, was a semi-rigid craft, (Airships were also called 


i ef! top: Most hydrogen balloons have an opening called an 
appendix to allots gas to escape f the pressure gets too hugh. 

The pressure inside the balloon goes up as u ascends because the 
atr presure outside it ni gong down, When the rivo pressures 

are equal te appendix automatically closes. Balloons intended to 
go very haxh are under nfiaicd. 

Left: flaring a hot-air halloon. 
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diripibles, because they were balloons which could be 
steered, from the Latin verb dirigere; to direct 

The only type still used today is the non-ngid or bimp, 
which has no internal framework. Modern airships are made 
in this way of a synthetic fibre, Dacron, coated with neo 
prene, a man-made rubber. Aluminium paint on the outside 
reflects the sun's light and heat, reducing the extent to 
which the interior is heated. Bartens on the nose prevent the 
wind pressure from flattening it when the craft is moving 

Early airships used to control lift by releasing gas and rc- 
placing it with air, a wasteful method that caused a gradual 
reduction of lift as more and more gas was lost. This could 
be compensated for by carrying water ballast, which could 
be released to lighten the airship. But later airships replaced 
the system with ballonets, collapsible air bags inside the gas- 
bag but connected to the outside air. By varying the amount 
of air in these with pumps, the volume of the gas ın the rest 
of the bag can be changed. ‘There are usually two balloncts, 
to the forward and rear of the gasbag, so that the balance of 
the ship can be adjusted 

The tilfins operate just like those on an aircraft, and arc 
the control surfaces by which the ship is steered. Conven 
tional clevators are used to change the alutude of the craft 
when it is moving, the change of atmospherx pressure with 
altitude is compensated for automatically by varying the 
amount of air in the ballonets. 

The lightest gas is hydrogen, which is comparativels 
cheap to manufacture. But its extreme flammability has 
resulted in the much more expensive, slightly less effecuve, 
but completely safe helium being used in all modern 
airships Helium is found in small amounts with natural gas 
in the United States, but is otherwise very expensive to 
produce in large quantities 

In the beginning it was France that led the way, Alter the 
invention of the balloon in 1783, wavs were sought of 
making it independent of the direction of the wind. The 
problem was to produce a suitably light vet powerful means 
of propulsion, and it was Henri Giffard who first produced 
a 3 hp engine weighing 350 lb (160 kg). His 70,500 cu ft 
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‘2000 m?) hvdrogen-filled craft ascended from the Hippo- 
drome in Paris in 18«2, and flew at 6 mile h (9 kmh). There 
was an improvement on this in 1884 when the French built 
another airship, La France, which achieved a top speed of 
1< mile/h (24 km/h) by means of a 9 hp electric motor. 

Germany came into the picture in 1895 with the first 
rigid airship, built by David Schwarz. It was braced 
internally by a system of steel wires. Five years later, Count 
Zeppelin carned this idea further in his much bigger design, 
built at Fricdrichshafen. This had an aluminium frame 
consisting of 16 hoops connected and kept rigid by wire 
stays longitudinally and diagonally. The design proved a 
success and although one was lost, more than 20 airships et 
the same type were built. On the power of two 15 hp 
Daimler engines, it made a speed of about 26 milc/h 
(42 km/h) In 1912, the latest of this class carried. 23 
pussengers on a cruise of seven und a half hours. The 
Germans were thus well prepared to usc airships for military 
purposcs when war broke out in 1914 

The heyday of the giant rigid airships was in the late 5 
and the 30s. The USA decided to use only helium in its air- 
ships, and hanned its export. This meant that the large 
British and German craft had to rely upon hydrogen. The 
flammability of the gas and the lack of manocuvrabilitv of 
the ships often had appalling consequences. Many of the 
largest airships met with disaster, notably the British Rıor 
in 1930, the American Akron and Macon in 1933 and 1935, 
and the Zeppelin Hindenburg in 1937 

[he heavy loss of life in these crashes swung opinion 
against the use of airships, and they were no longer used for 
carrying passengers. But later, during the Second World 
War, the USA used large numbers of non-rigid airships 
without a single loss for sea patrolling. Ther ability to 
operate for long period of ume at low speed and low altitude 
made them invaluable for detecting minefields and escorting 
CONVOYS 

More recendy, Goodyear have built four non-ngid air- 
ships, which arc often used as vibration-free mrborne 
platforms for television sports coverage. 
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AERODYNAMICS 


All heavicr-than-air craft from a glider to a jet airliner rely 
on the application of mechanical energy to the sir around to 
give an upward thrust, maintaining the craft in the air 
against gravitational forces. This idea is the same for auto- 
gyros, helicopters, vertical take off aircraft, sad anything 
that might be described as an aircraft as opposed to an 
airship, which derives its lift by being lighter than the air 
it displaces. 

In a glider, the energy is provided by a towing plane or a 
launching winch. The wings have a cross-sectional shape 
known as an acrofoil [airfoil] to derive lift from the forward 
motion, while a tailplanc and fin give the machine added 
stability and let the pilot control the direction of flight. As 
soon as no further energy is supplied, the glider begins to 
sink, and must always come back to carth despite rising air 
currents—"thermals'—1hat might give temporary respite. 
To maintain a heavier-than-air craft aloft requires a con- 
tinuous input of encrgy—some means of maintaining the 
forward motion against wind resistance. 

An acrofoil is a body shaped to produce "Ift as it travels 
through the air. The most common example of an acrofoil is 
an aircraft wing, but the same principle is used to provide 
the driving force of the blades of fans, propellers and heli- 
copter rotors. On some racing cars, acrofoils are installed 
upside down to press the car down, holding it firmly to the 
road at speed. 

Seen in cross section, the upper side of an acrofoil is 
curved, and the lower side more or less flat. As it moves 
through the air, its Icading (front) cdec splits the air it 
encounters into two streams, one of which passes over the 
acrofoil, and the other under it. The streams rejoin cach 
other behind the trailing (rear) edge of the aerofoil. 

The curved upper surface of the aerofoil is longer from 
front to back than the straight lower surtace. The wr stream 
that takes the longer, upper route must therclore move 
fuster relative to the acrofoil than the stream that gocs 
underneath in order to reach the trailing edge at the same 
time. 

The faster ıt fluid (such as a liguid or gas) moves, the 
lower its pressure—this is known as Bernoulli's principle 
after the (8th-century Swiss scientist Danicl Bernoulli, who 
discovered it. The fast air stream over the rop of the acrofoil 
has a lower pressure than the slower one under it, and this 
pressure difference forces the acrofoil up from underneath 

Tilung an aeroloil so that its leading edge is higher than 
its trailing edge increases the distance travelled bv the upper 
air stream, and so increases the ‘lift’. The angle of ult of an 
amxratt wing ts called the angle of attack. The slower an 
aircraft flics, the greater the angle of attack its wings must 
have to create enough litt to keep it in the air. The increased 
'nosc-up' attitude of an airliner as it comes in slowly to land 
is quite noticable 

The angle of attack cannot be increased indefinitely, 
however. This is duc to the phenomenon of laminar flow. 
The friction between the wing and the air flowing over it 
causes the laver of air next to the wing (called the boundary 
layer) to move more slowly relative to the wing than the aif 
further awav. The same effect can be seen in rivers, where 
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the flow near the banks is slower than in the middle. 

As long as the How over the wing remains smoothly 
laminar, it lifts well. But if the angle of attack is too great, 
the pressure above the trailing edge of the wing becomes so 
low that the boundary layer separates from it and the air 
How becomes turbulent. As the angle increases, the point at 
which the boundary layer separates moves nearer the Icading 
edge, and less and less of the wing produces lift. Finally, so 
little of the wing عد‎ functioning that the aircalt ‘stalls’ and 
gocs into an uncontrollable dive until it regains normal 
fiving speed. 

Usually the wing will not form a continuous horizontal 
line, but will be divided in the middle with the tips raised 
by a small amount relative to the centre to give what is 
known as dihedral. Without this there would be nothing to 
keep the main axis of the wing horizontal during normal 
flight, As it is, dihedral results in greater lift from the lower 
wing when the aircraft tilts, thus producing a tendency to 
restore the wing to a horizontal mode. 

The actual lift produced by a wing will vary with the 
speed of the plane. The faster it goes, the more hit will be 
produced; this is why aircraft have to attain a considerable 
speed on the ground before they acquire cnough lift for 
take off, 

At the same time higher speeds involve more wind 
resistance —more drag —so jets and other high-speed aircraft 
have thin wings to reduce drag. If a plane slows down to 


below what is known as stalling speed, it literally falls out of 


the sky, the lift being insufficient to keep it horizontal. With 
thin wings the stalling speed tends to be higher than with 
thick wings, so jet aircraft require higher take off and 
landing speeds. 

lt would be difficult to control a plane if these factors 
could not be varied. Jet aircraft would need cnormously long 
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An aircraft has three sets of 
control surfaces to nit u about 
three axes. The atlerons, 
operated by twisting the control 
column, cause 1t to roll. The 
elevators, operated by moving 
the column back and forth, 
cause të to pitch and thus to 
deve or climb, The rudder, 
worked by pedali, causes ti to 
yaw, or recol. A normal rum 
i executed by yaning and 
rolling toerard the inside of the 
turn. 


runways because of their high minimum speeds, while if 
these factors were taken care of threugh thicker wings, their 
maximum specds would be severely cut, 

Thus a device known as the flap has been developed to 
modify the wing section so that lift can be changed by the 
pilot. Part of the trailing cdge of the wing, and sometimes 
the leading edge as well, is hinged downwards to exaggerate 
the acrofoil section and give morc lift at lower speeds. The 
hinge is often arranged to open a slot between wing and flap 
through which air can flow to reduce turbulence. Fully 
extended flaps considerably increase drag, slowing the air- 
craft. This effect can be increased on some aircraft by 
opening out transverse flaps in the tops of the wings or 
elsewhere called air brakes. 

Once an aircraft is in the air, it has to be capable of 
moving in three ways: in pitch—up and down; in yaw— 
side-to-side and in roll. 

Pitch is controlled by hinged surfaces on the trailing edge 
of the tailplane known as elevators. Moving these upwards 
curves the tailplane into an inverted acrofoil section, result- 
ing in downward pressure on the tailplane and hence a 
tendency for the aircraft to adopt a nosc-up or climbing 
attitude. Turning the clevators downwards has the opposite 
effect. 

Yaw is controlled by a flap on the tail fin known as the 
rudder. If the rudder alone is used the aircraft slews side- 
ways, but this way of turning is inexact and badly controlled. 
There is no counteracting horizontal force to prevent the 
aircraft continuing to turn regardless of the pilot's wishes. 
Additionally, the horizontal centrifugal forces would throw 
passengers and crew towards the outside of the turn. 

By moving the ailerons, control surfaces at the wing Ups, 
the aircraft can be made to bank or roll inwards at the same 
time as the rudder turns it, so that the aircraft tilts towards 
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Otto Lilienthal 


Ono Lilienthal was one of the 
keane mute m 
pioneerng, as well as being an 
engineer and inventor. During 
the course of his life he made 
many hundreds of heavicr than 
sit unpowered flights, and 
although accounts vary as to 
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the distances he covered in hës 
gliders it seems fairly well 
established that during the 


18905 he achieved flights of a: 
least 746 feet (229 m 

He was born in Anklam, 
Prussia on 23 May 1845 and 
trwocd in engineenng at 
Porsdam Technical hool, 
after which he studied ar the 
Berlin Technical Academy 
from 1867 to 1570. As boys he 
and his brother Gustav used 
to study the flight of birds, in 
particular that of the stork, 
from which be established the 
fact than an arched surlace 
wing was the most suitable 
design for heavier than ajr 
flieht, and also the importance 
of rising air currents for 
soaring. In 1889 he published 
a book called Der Vogel fur 
als Grundlage der Fügen, 
about bird flight, and this, 
together with his essays oa 
fying machines in 1594, were 
acknowledged to be the basic 
works on aeronautics, 

In 1880, after serving in the 
Franco-Prussian War, he 
founded his own cngincering 
factory which produced marine 
signals, light steam motors, 
steel pulleys and sirens, many 
of which were his own in- 
venuons. During this time he 
carried on his aviation research 
and after much exhoustive 
experimentation with gliders 
ind flying models with flapping 
wings he eventually built his 
first man carrying glider in 
1891. This consisted of two 


curved. fabric cowvercd wings 
to which he attached Iumwell 
by his arms using his hanging 
body lor balance. He launched 
himself from a running star 
and in fa q ON ni i 

artificial hl «o feet (is m 
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high from which he was 
to take Off regardless of the 
direction of the 
this time he wrote "I he feat ci 


wind Ab t 


launching by running down a 
mode into the wind until 
sufficient velocity is reached to 
hit the 
pound wings requires practice 


operator and his 40 


In the beginning the height 
should be moderate and the 
wings not too large or the wind 
will soon show that if is not to 
be trified with. To those who 
from a modest beginning, and 
with gradually increased extent 
and ckvatıon of 
pac full contro) of the 
apparatus, it is not in the cas! 
dangerous to cross deep and 
broad ravines.” 

By 1893 the size 
hed reached a m (23 feet) 
span, with an plane 
surface of r4 m* (16.7 sq YO) 
and a weight of approximately 
20 kg (44 lb). He continued his 
work on gixicrs until 1896 
when he introduced a dipilam 
powered by a small motor 
which fapped the wings 
Before he could progress with 


Might, have 


I his gli 


overall 


this innovanon, however, he 
was killed when his gider 
crashed. in the hills near 


Rhinow on y August 1596 

His work, which directly 
inspired such other avistors ës 
the NVrgsht Brothers and 
Octave Chanute, was cu 
tinucd after his death by his 
brother Ono Lahen 
thal ıs commemorated by the 
Libemhal Modal. one ci the 
highest awards for 


Wins 


souring 


AIRCRAFT HISTORY 


E period oi 


POE 
much attention to bird flieht. This led 
“fort on flapping- wing machines, 
although 1504, Su 
model glider and, before he 
had flown at least two full-sized pliders with 

Many of the carly experimenters also 
of concentrating on inherent stability in 
Even Otto 
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150908, exercised control simply by moving 
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gliders connsted of a set of 
teres th padded armrests 
The crossbar controlled the 
craft 


his body, and only at the ume of his death as the result of a 
fiving accident in 1896 was engaged on the design of a body 
harness linked to a rear clevator on his latest glider 

During thc second half of the 19th century a great effort 
went into achieving flight in England, France, the United 
States and Germanv but it was diffused and fumbling Little 
was Known by one designer of what others were doing until 
Octave Chanute decided to collect and disseminate proved 
facts and other information to all who would listen to him. 
From 1896 onwards, he was engaged in building and flying 
his own gliders in the United States, and in spreading par- 
uculars about the principles involved in flight with fixed 
In 1903 be visited Europe and lectured in Pars. 
Before that, he had given valuable help along the same lines 
to the Wright Brothers 

Some of these principles had been laid down by Cayley in 
1809. He had outlined the forces of thrust, drag and lift, and 
had pointed out the value of the cambered, or arched, 
acrofoil wing shape in preference to the flat plate. As carly 
as 1868, M P W Boulton in England had invented and 
patented the aleron. The Wrights’ first glider of 1869 had 
wings that could be warped, or twisted, by cables for lateral 
control. Thus, by the time the Wrights made their first fight 
at the end of 1903, most of the devices for controlled flying 
were known and yet S P Langley in the United States and a 
string of pioncers in France and England were sull meeting 
with little success. Even the Wrights in 1903 had not fully 
resolved the control situation , they found that wing-warping 
by itself was not enough. Ther bright idca of linking the 
wing warping with rudder movement was generously given 
away by Chanute to the Europcans, but too many of these 
still aimed at inherent stability through giving their wing 
ups a dihedral or upward-tilted angle 

There were many ambitious projects before real powered 
flight was accomplished by the Wrights. The biggest of them 
was the design by W S Henson in 1842 for an Acrial Steam 
Carriage’. It had a tail-pioce to provide control and stability, 
hox-kite wings, and a three-wheeled undercarriage for take 
off and landing. It was to have a wing-span of 150 ft (46 m) 
with wings properly constructed using spars and ribs, and 
it was to be propelled by two six-bladed airscrews. It was 
never built. Hiram Maxim staged an elaborate experiment to 
prove lift in 1894 with a device that weighed 3} tons and 
applied 360 hp through two stcam engines. It was not 
intended to fly but it did lift off its rails, and there the 
project ended. In 1895-6 thc Englishman Pilcher, à disciple 
of Otto Lilienthal, made several successful glider flights on 
the banks of the Clyde. In France, people like du Temple 
de la Croix, Penaud and Ader worked hard with model 
aircraft driven by steam, twisted rubber and clockwork. 
In England, H F Phillips came back to Cayley's cambered 
wing and further showed the distribution of pressure and 
lift between the upper and lower surfaces of a wing. 

This incoherent jumble of effort was given fresh interpre- 
tution by the Wright Brothers, Having learned all they could 
about the research and development up to their ume, they 
proceeded to put the most promising ideas to the test. 
At the same time, they worked out their own calculations 
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concerning not oniv the relation of thrust to lift and of the 
efliciency of propellers but also stresses and methods of con 
struction. By their third glider they had developed a satis- 
factory wrirame and began looking to the newly-arrived 
automobile engine for their power. Failing in their attempt 
to get from the new industry an engine of a suitable power 
to weight ratio, they set to work to build their own engine, 
and on 17 December 1963 the first flight was made. Two 
months carlier S P Langicy’s latest aircraft had fouled the 
launching mechanism and plunged into the Potomac. The 
tnumph of Wilbur and Orville Wright was complete and 
exclusive, Orville, who made that first flight, was in the air 
only 12 seconds and travelled a distance of 120 [t (37 m) 
‘Three more flights were made that day and the last covered 
8$2 ft (260 m), After that they went home to Dayton, Ohio 
from thcir flying ground at Kill Devil Hills in North Carolina 
and in 1904 built their second aircraft, again a biplanc, with 
reduced wing camber and a more powerful engine 

Little attention was paid to them and their achievements 
by the rest of the world but they continucd ther experi 
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cat Fer No 3 made several 
long flights, including one 
lasting over 35 minutes. The 
hers had produced 
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For a period of 24 years the 
rig did no fiving, but 
ınstead concentrated on build. 
ing improved aircraft and 
engines. in 1908 they were 


ready to fiv again and Five 
No ? reappeared with several 
improvements. A passenger 
vis Carried for the first time 
t was not until April 1908 that 
they ocarest rival exceeded 

ninutes, so when Wilbur 
demonstrated their new model 
A in France, observers were 
astonished by its performance 
lasted 2 hours 
20 mites Considerable 
numbers of the model A were 
built and this was followed by 
the model B and the model 
R races 
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average speed of 38 mph (61 km/h). For the next two and a 


half years, they did no flying. Futile negotiations with the 
US and British Governments and anxiety about the risk of 
having their secrets pred inte were at the bottom أن‎ this 
inactivity. In 1908, Wilbur visited Europe in search of 
business while Orvillë staved at home, preparıng for the 
military trials to which the American authorities had at last 
consented, 

Meanwhile, Europe had been moved to fresh eifort ba 
Kliding pioncer Chanute's encouragement. In France this 
was led by Esnault-Pelterie, later to be a prominent figure, 
and yet the first copies of the Wright ghder were failures. In 
England, S F Cody had worked forward from man-lifting 
kites to a relatively inefficient glider Slightly carlier, in 
France, Leon Levavasseur had built a monoplane with bud- 
like wings. It was a failure, but this pioncer, together with 
Louis Blériot. was to ve monoplanes 4 piace IN compe 
uuon with the currently favoured biplanes 

The first aircraft factory was set up in 190% at Billancourt, 
France, by the Voisin brothers, who had already built two 
float gliders towed by motor beats. They built for them- 
scives and other designers, but the fashion in Europe was 
sull to aim at stability rather than control. Soon the Brazilian 
pioneer aviator Santos-Dumont had turned away from air- 
ships to experiment with monoplanes and biplanes and also 
wath tractor (front mounted) airscrews. In 1906, he few 720 
ft (220 m) in a tail first pusher biplanc. In 1909, A V Roc in 
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England produced u tractor biplane and J W Dunne built 
the world's first swept-wing aircraft, again a biplanc, and 
again aimed at inherent stability A year later, FW Lanchester 
did tor acrodynamics what Newton and Bernoulli had done 
tor hydrodynamics, when he put forward his theory (never 
disputed) of the circulation of air over the wing surfaces 
By 1909, the Wrights had made Rights in public on both 
“des of the Atlantic. and the cause was given 4 healthy 
impetus. In the United States, Glenn Curtiss came to the 
fore as a designer of both aircraft and engine in the June 
Bug, which had ailerons for lateral control 
European designers, with the exce Pion ongin liv of Henri 
Farman, followed the Wrights in aiming at good control 
either by wing warping or by the fitting of ailerons. A string 
of new types now appeared and at the Rheims aviation 
week in August 1909, more than 30 aircraft were on show 
six of them built to the Wright specication. A Curtiss 
successor to the fune Bug won the speed contest at 47.55 
mile h (77 km/h), an Antoinette won the height award 
at sos ft (155 m) and a Farman the distance at 112 miles 
ı80 km). Ihe same year Blériot had staggered across Une 


wingtip 


English Channel in his underpowercd monoplanc and thc 


mrcralt had ceased to be regarded as an erratic and essentially 
dangerous tov. Its progress was helped by the development 
of more powerful engines 

Ihe Wright aircraft types remained popular, but bv 1910 
the influence of the Wrights on development had virtually 
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ceascd and a vigorous independent line was being pursucd 
by designers in various counines, The best performers con- 


tinued to be biplanes though a good deal of work was done 
on monoplanes, and the germ of tbe canulever wing. 
supported onlv by the fuselage ipstcad of a system of wires, 
was contained in a patent registered by Junkers in Germany 
as carly as 1910. A year later, another improvement appeared 
in a German device for raising the undercarriage legs on 
hinges to lie flush with the fuselage in flight. At the same 
time an oleo undercarriage lex (a telescopic leg incorporating 
an oil-filled shock absorber) was designed at the Royal Au- 
craft Factory at Farnborough, England. All these advances 
marked the movement from the wood-and-wire structure 
to the use of metal in aircraft. They also accompanied the 
increasing popularity of the tractor airscrew and the um 

versal adoption of a tube-shaped fusclage to connect the 
wines, tail and landing gear, and to provide a loss exposed 
position for pilot, passengers and power plants. 
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English Channel in a small vhi varped 1 wings to | 
monoplane. Born in Cambras, provide control, as ailerons | 
France, Bleriot became 4 were nor then in general use. | 


in World War I Hiériot ses 


up a successful aurcrall factors 


wealthy man by making motor 
accessorics, particularly cur 
headlamps, betote turning his 
interest to flight. Around 1599 
he built a model aircraft with 
wings that flapped hke a bird 
(an ormutbÒopter), and then u 
1905 he collaborated wuh the 
French aviation pioncer 
Gabriel Voisin in the buildings 


tha bud 10.09 mulıtary 
planes for the French gover 
ment, including the famous 
SPAD hghter. lic was awarded 
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of a glider constructed like a Hendon, England. In a Hierin 
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launch it from the river Ser made the first non-stop fight 
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powered biplanes during 190! i2 April 1911-—Ulty years to 


but won turned to the mono the day before the first manned 
planc deagn which was | uc Might. Louis Blériot died 
influence  Euroxan  sircrafi in Paris on 2 August 1936 


development strongly 

Of the carly Blërioi mono 
planes, the most successful 
was airborne for 20 minutes 
but lacked  manocuvrabailits 
his was a common fuiling in 
European aircraft at that Lime lop of page: Blériot and has 
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THE AIRCRAFT ENGINE 


When the Wrieht brothers came to search for 


put into their glader in 1903, they thought they Oi id manage 
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o flv with onc of only & horsepower, provided it was not 
too heavy. They approached, without success, hali-u-dozci 
makers of car engines. Eventually, they built thar own 
ngine and got 12 hp from it, but it was still relatively heavy 


t ١5 Ib (7 kg) to the horsepower. 1 huty years later, engine 


weicht (2.2 hp per kg). In the years leading up to World 
War I. the French led the held in aircraft engine design 
produ n Kier 5, t an Y i hr enr 1 . Ir 190% 


But the best of these still only had a powcr to weight rats 
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had an odd number of cylinders. This reduced vibration, 
since there were never two pistons moving in exactly the 
same direction at the same time. The original 1907 Gnome 
engine had seven, and later types nine. 

Other types of engine produced at the time included the 
Spanish Hispano-Suiza, a design well ahead of its time with 
eight steel cylinders arranged in a V and screwed into un 
aluminium block. In the later years of the war this engine 
vicided, in successive versions, 140, 220 and 300 hp. The 
Rolls-Royce Eagle, a Vi2 engine with a broadly similar 
layout adapted from an onginal Mercedes design, produced 
360 hp in its Mark $ version of 1917. This was the engine 
that carricd Alcock and Brown across the Atlantic in 1919. 

Both the Rolls and the Hispano engines bad conventional 
water cooling. This often gave trouble, since vibration and 
the shock of landing caused the plumbing to break. It was to 
overcome this problem that a third type of engine was intro- 
duced: the air-cooled radial engine, in which static cylinders 
were arranged in a circle and cooled by the backlash of the 


Proper cooling is one of the most critical points of aircraft 
engine design. Such engines have always produced tar more 
power for their size than automobile engines ol the same 
date, and consequently have generated much higher tem- 
peratures. These problems led to great rivalry between the 
designers of air and water-woled engines. Their object was 
to produce engines that were adequately cooled with the 
lightest possible system—thus improving the vital power to 
weight ratio—and at the same time were utterly reliable. 

As far as reliability went, the water-cooled engine seemed 
to have all the advantages. Any capacity of radiator could be 
used to produce the desired temperature. The temperature 
of the engine was kept within safe limits by the boiling point 
of the cooling water, since it could rise no higher than this 
until the water boiled away completely. Some engines used 
this feature in evaporative cooling systems, where the water 
was allowed to boil at the engine. The steam was ducted off, 
re-condensed into water and returned to the engine. The 
system had been used as carly as 1907 in the French 
Antoinette engine. In other engines, ethylene glycol (anti- 
freeze) was used as a Coolant, raising the boiling point to 
140°C (284 E) to provide an additional safety margin. 

The principal trouble with this type of engine wus the 
weight and complexity of the cooling system—il was onc 
more thing to go wrong. Air-cooled engines did not suffer 
from this problem, since their system had no moving parts. 
Their cylinders were always arranged radially in onc or 
more circular rows. This placed them just behind the pro- 
peller, an ideal position for cooling. They were also spaced 
quite wide apart, so that the outside could be covered with 
large fins to increase the surface areas and thus improve heat 


Early radial engines had their cylinders completely exposed 
to the air, but in the carly 19308 a shaped ring cowling was 


Left: carly Mustangi, photographed in 1944 over Burma. 
These P-51 As were still powered by the Allison engine; the plane 
Aud not achieve us potential until futed euh the Merlin. 


added around the engine to improve air flow around the 
cylinders and reduce the drag caused by the wide, flat 

fronted engine. The main trouble with the air cooled radial 
was that there was no fixed upper limit on its temperature, 
so it would overheat very quickly if over-extended. This 
problem, however, lod to the production of high quality 
heat resistant alloys which made the devclopment of the jct 
engine possible later on. 

The engine designers of the 19208 and 19308 managed to 
produce reliable engines with ingensous new features by 
sheer good design and workmanship. One of the best of 
these improvements was the sleeve valve, which replaces the 
complex valve gear of a conventional engine with a single 
tube sliding up and between the piston and the cvlinder—it 
completely encircles the piston, It has ports, or holes, in its 
upper end. These slide past matching ports in the cylinder 
head which arc connected to the fucl-supply and exhaust 
systems, thus opening and closing them at the correct time 
This greatly reduces the number of moving parts in the 
engine, particularly as the siceve can be moved by quite 
simple machinery set around the inner edge of the ring of 
cylinders instead of the conventional long train of rods and 
levers reaching to the outside. The alloy of which the sleeve 
is made is vital, because of its expansion as it heats up. If it 
expands too much it jams aguinst the cylinder; too little and 
it jams against the piston, 

Many engines had superchargers—compressors to force 
extra fuel and air into the cylinders and thus improve the 
engine's performance, These had been used as carly as 1910, 
but were never entirely satisfactory because the compressor 
needed power to drive it, thus wasting some of the extra 
power it gave. Several attempts were made to build a turbo 
charger powered by a turbine driven by the exhaust gases, 
but there was no alloy that would withstand the high 
temperature. This was found later. 

By the mid-1930s, engines were producing so much 
power that the propeller was being driven at an cxcessive 
speed. The tips of the blades broke the sound barriers and 
created shock waves that reduced the propeller's efficiency. 
The difficulty was overcome by gcaring the propeller down. 
The more advanced American engines had variable gearing. 
By the end of the 1930s most propellers also had variable 
pitch (blade angle) so that they could run efficiently at 
different specds 

There was always an incentive for designers to produce 
more and more powerful engines. During the 1920s und 
19308 it was the glamorous (and lucrative) Schneider 
Trophy; later it was the desperate need to build fast aircraft 
in the Second World War. Rolls-Royce produced a V-12 
water-cooled engine for the Schneider Trophy which gave 
2600 hp, though it could only maintain this for one hour. 
This was all that was needed for two successive races, but 
the basic design of the short-lived engine was used for the 
famous Rolls-Royce Merlin, which powered the Spitfire, 
Hurricane and Mustang in the Second World War. The 
original 1934 Merlin produced only 790 hp, but by the end 
of the war this had been increased to well over 2000 by 
successive modifications. 
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WORLD WAR ONE 


Hetore the First World War there w ittle to differentiate 1897, but the bow did aot like school very much; his 
vil from military sircrall. Yet although SUCK and string tinkering with electric and mechanical devices took pre- 
rc still evident in the cariv moni cedence, and finally resulted in a hand-to- mouth existence 
f the war, progress made in design. particulari as a performer in air shows. He built his own aircraft, 
in the arca of improving performa: hv means of sti frequently using parts salvaged from crashes, having a flair * 


mine N tal n ini OSMANI Cg 1 Ur à n Bs Eru Ussi IUS DI ipi ADIUS dh LIL ML it along 
M id | British voj hla | and Roval During the first few weeks of the war, Fokker sold every- 
Aircraft Factory SE 2 and 4. AU wer pahic OF Speri thing in IP ùt any price he cared to name, to the very 


ne 1 mph (160 kp! Lume when speed rarci military officials who had refused to be impressed until the 

c above 96 mph. The Deperdussin, with its faired war surprised everybody. Fokker was a neutral businessman, 
undercarnage and singie wing, Was det va precursor as well às a «vnk. and evervone thought the war would be 
0208. while the two Bnush planes lorcshadow over in a few months anvway. The same German military 
nit criormanoe typcs Io D developed during 101 i JIN wanted Fokker 10 cı Y Garos idea of deflector plates: this 
Fighters blinkered conservatism was not contncd to the Germans 
Ihe major task envisaged for aircraft in World War I was The first American military pilots were required to wear 


rcovonnaissar and it soon D me apparent that it woul spurs in INCL Cockpit 
wv uel Lo f nt f nct I 1 nto ati 
, n 
n û mila i 4 Iventurous its TOO shorts at 
sch other with small arms, but this was not very eflec 
What was needed was a forward-fAuing machine gun whi 
uld bc aimed and fired by the pilot 
1 f “NGJAN l ren h airmail N Tara Cari (2 
with the first usci solution: in the spring ol 191: 
machine gun Y ni i ta un Of Wat ] 4 ni 


bone: the Fokker E IV was a 
sucoessor of the E HI such 
carried three machine guns 
Pilot was the famous Max 
forense munt 
Left: Fokker with one of hts 
design: 

Vexi page top left: a French 
orane- Saulmer Bullet of 
1914, with deflector blades. 
Kurba: Haupunann Ruiter von 

I urscher / 2+ vrciorves ) ready 
to tabe off, in March 1918. 
Next page centre; Bristol 
KAR. Tins Noo-icalër Gus 
tees than German fighters in 
7 Hecht, hut could often 
carpe by out-dicing a 


pur ue 


Fokker, however, immediately saw that a better design 
was nocded, and fitted un interrupter gear which prevented 


the gun from firing when the propeller was in the way. Ihe 
otherwise unremarkable Fokker Eindekker compriscd what 
was called in Britain the ‘Fokker scourge’ which began 
to cleanse the skies of Allied aircraft. The Allies used pushes 
types, such as the Airco de Havilland DH 2, which could 
fire forward with no tear of hitting the propeller, but the 
aerodynamic deliciencios of this design could not be 
tolerated, and a hydraulic synchronizing gear was designed 
which was more flexible than the German device, From the 
middle of 1916 it was fitted to the Sopwith 14-Strutter and 
the Pup. The Germans countered with the two-gun 
Albatros D 1 in the spring of 1917, and the race was on 

The carly Fokker designs were inherently stable; quality 
control was never his strong point—other factories turned 
out better aircralt—but his genius as a Was 
instinctive, He soon realized that stability was no longer a 
problem; design solutions and more powerful engines had 
taken cure of that. The E-type Fokkers went through 
several modifications, but in the meantime the Albatros did 
also, and the Allied aircraft were also improving 

The excellent Sopwith Camel was powered by a suc- 
cession of Bentley rotarics up to 180 hp. It had ailerons on 


Jesi Ener 


both wings, a strong airframe and twin Vickers machine 
guns which were belt-fed, rather than drum-led, so that 
they did not need re-louding by the pain Morc than sooo 
Camels were built, and they shot down nearly 
wrcralt. The Camel was fast and heavy, and in the 
an expert there was little it could mot de 

The French Nicuport was lightly built; tf it pulled at all 
steeply out of a dive, the wing fubric was likely to rip off, a 
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frightening thing that once happened to Eddie Ricken 
backer, who onlv survived by landing the plane at full 
throttle. The SPAD, however, was another story. Ricken 


becker himsclf regarded it as the ultimato fighter aircraft 
The Americans never built a plane fit for use ın chat war 
SPAD was a French aircraft company led by Deperdussin ; 
after a financial scandal, Louis Bleriot was put in charge ol 
che Societé pour Aviation et 151 Derivei 

fhe rotary engine was the engine in which the crankshaft 
was Stationary; it pumped itself around the crankshaft with 
the propeller fastened to the sch. This 
advantaces with its air-cooling and so forth, but as the 
technology of military aircraftimproved by lcaps and bounds, 
the rotary became impossible: the larger the engine the 
more it wanted to bchave like a gyroscope, making thu 
handling of the aircraft dithcult and dangerous. I his is why 31 
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Sopwah Camel F ? 
! Bentiey BAI 15Ohp motor 
2 Firewall (not shown) 
3. Cartridge disposal chute 
4 Çastor-od tank 
5 Twin On Vickers ait» 
cooled MGs 
6. Link chute 
7. Mount lor MGs 
g Pry wood dèi img 
9 Cocking handles for twin 
MGs 
JO. Instrument panel 
17. Avube y fuel tanë 
12 Main fuel tank 
13 Open centre - section 
14 Control column 
15. Intermediate formers 
16 Rubber shock cord 
17 Steerabie ash tas stro 


18 Steel tube outline nose obs 


71خ 19 


20. Ash longerons 
21. Control cables 


22. Tanë bearer 

23 lurn-boc&íes 

24. Wicker seat 

25. Seat bearer 

26 Carbuoretio: au utate 

27. throttle quadrant 

28 Undercarriage axe hinge 
point 

29 Rear engine mount 

30 Rudder bar 

J1. Foot hoard 

32 Bungee shock absorber 
straps 

33 Ash front sper (routed) 

24. Sobd ash rear spar on lower 
wing only 

35. Mud steel fittings 

36. Compression strut 

37 Ale an control hom 

JO Sauce BON spa 

39 Steel tubing round wing edge 

40 Spruce sub spar 

4f, /(nspecbon window 

42, Vine drag Micros 


an signers end, his most famous was the Inplanec, designed lor rate vi 
were tl limb and manocuvrabilitv. The triplanc was not a new 
idea; a Canadi squadron equipped with Tommy Sop- 
IN ne with x toplane shot down Sy Germans in three months 
French ze during 1917. Three wings instead of two meant that the 
Hotchkiss ins fuselage and the wingspan could be shorter, which was 
through the important for manocuvrabilitv, especially rate of turn; 
ng the ai they meant better visibility, because the upper and lower 
ms, û wings were far from the line of sight, and the centre wing 

* ich arc still. jn line with it, so not obscuring vision very much 
that there was Fokker's design had a phenomenal rate of climb and 
ndod y ed. could reach 115 mph in level fight. It had excellent 


other planes nal dli i" qual es ai how speeds sith uch ground loops 
| T "un were common n landing, this was truc of World War | 
c level, and 1 planes in general. The sircralt was very strong and could 


mlot forced it tod absorb many bullet holes; onc of its qualities was an 
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ron shot down absence of braune wires which could be shot away. It was 


1 hrst six the favourite aırcralt of the most famous ace of all, Baron 


more that von Richthoten 
' “pov ci But Fokker sull wanted onc of those Mercedes engines. 


So he organized a competition of mrcralt factores, with the 
irsel rotary backing of the mutual admiranon of Fokker and the izhter 


MOTO © he pai ws themicires. and with she stipulanon that in fairness 


Ex n 


^n up thi all the new designs uh TIJ u the same CHEMIC the 


Greater power Mercedes. The competition took place in January 7 


ign—in the Fokker brought several designs, and the first one tested (by 


the Blood Baron himselt had a fi ATA which was almost 
the standard triplanc design, but with longer biplane wi 
As a result the craft was directionally unstable and had i 
bad stall behaviour. So Fokker and bis workmen dragced n 
into a hanger and welded a two-toot sccuon into thc 
fuselage. as well as enlarging the fin, The result was an 
order for four hundred of the new model, which other 
factorics had to build, including Albatros. paving Fokker 
rovaltics 

Ihe new model was called the D-VII. About y thousand 
of them were cventually built: the US military used ther 
after the war, and the Dutch were fying them until 1939 
It had thick wings, and scemed to be able to stand sull i 
mad-mr, or hang from its propeller at A ¢ still under 
control and sul spray e bullets ur id ine <C 

The Fokker D-Vli was the only German wrcralt named 
by the Armistice terms as booty, but Fokker managed to 
smucele the entire contents of jus lactorics across the 


border into neutral Holland. by means of bi 


FOKKER D VII 
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Balanced elevators 
Characteristic 
comma-shaped rudder 
Throttle 

Plywood panel decking. 
fabric covered. torear of 


cockpit a 
Horn-balanced ailerons Ra a 
Twm fixed Spandau nn M 
^^ de — 
machine-guns. 500 = 
rounds each - 


160hp Mercedes DHA N 
water-coofeg n-line 
engine 

‘Car-type honeycomb 
radiator 


1 he cutaway drawing is thë 
famous Fokker DVTI 
Above is à DV HI whack was 
shot doren by an SE ça in 1918, 
lop speed tear 118 mph 

(r90 kph). 
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Fuel tank 

Metal panels forward of 
cockpit 
Constent-chord winas 
with 3-ply leading edge 
Wwe threaded through 
copper eyelets to form 
characteristic scalloped 
trashing edge 

One piece" lower 
Wing —COontinaous 
through fuselage 
760mm x 100mm 
wheels 
Aerofoil lifting surface 
covering axle 

Welded steel tube 
fusclage 

Fail skid 2|115 
Ash tail skid 


bote; an RAF av summer ts 
futim the mose cap, whack 
ried the teu and had 
cums Lo rotate ti, 10 a Couper 
2c16(11 ke) bomb, winch tu 
dropped by hand at the crow 3 
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Ihe use oi bombs in war preceded that of machine guns, 
the hrst bomine raid being made in November 1911 by an 
Italian à ini ken Positions m Libra In the course of 
the two-ycar war fought by Italy to gum possession of 
Libya a fair amount of acrial work was undertaken, a factor 
that is often ignored by aur historians. Thus dy the outbreak 
of World War | some real progress had been made towards 
the development oi trui bombing a:rcratt. The most 
notable of these were the serios of multi-cngined aircraft that 
were built by the Italian pioneer Caproni, and the world's 
first four-engined bomber, the Russian Sikorsky Iva 
Muromets, as it was renamed after the beginning of the 
war. In France, bombing was the specia Province oi the 
Voisin senes of aircraft, all ungainly pusher biplanes, but 
capable of carrying an acceptable load of bombs 

From its carhest days bombing tell inte two categories, 
heavy and light The Germans and British were quick to 
follow the Italians and the Russians, the former with their 
Gotha, AEG and Rien want) aurcrait, and the British 
with three bipiancs Ironi the Handicy Papc drawing boards 

The two main German twin-engined bombers were the 
AEG € IV and the Gotha G V, both of which had bomb 
loads in the order of 1,000 lbs (445 kg), speeds of too mph 
160 kph) and ranges of soo miles (1,600 km). Both types 
appeared in the autumn of 15 and the Gorha in parti ular 
Javed an important part in the German bombing of 
Enrland. which led directly to the formation of à unificd 
and independent Royal Air Force by the amalgamation ol 
the Roval Flying Corps and Royal Naval Aic Service in 
لحا‎ 1918. Most remarkable of Germany's bombers, how 
ever, was the series of R aircraft, vast mulu-cngined 
bombers that were not to be exceeded in size by production 
ircraft until after World War II. The best of these aircraft 
was the Zeppelin-Staaken R Vi, which could carry a 
1,006 Ib / 1,800 kg) bomb load over 700 miles (1,125 Kim) alë 
speed of So mph (130 kph). Wing span was 138 Jeet 
si inches (42.2 m), and the whole series typified by the R VI 
was a tour de Jerce DO ACTOR iuc cal engineecnug unequalled in 
World War | 

Uritain s answers to these aircraft were the Handles l'age 
».100, 0400 and \ 1400 The o 100 and O 400 were 
basıcallv the same aircraft with different engines, and con- 
stituted Britain's main bombing force Irom 1916 to 1915 
Bomb lead was 2.000 j> (900 ke [ust entering Service = 
the war ended was the V 1400, a four-engined machine 
intended to bomb industrial targets in Germany Its 
maximum spoed wus almost 100 m ph 190 kph and Jange 
1.200 miles (1,930 km), and the payload a very useful 
„co [b (2,310 kg). This last would have made the V 15009 
the world’s first true strategic bomber had it been available 
in large numbers in 1918 

[n the field of light bombing, the British and French fared 


better {hûn the Crermans, ax exemplibed by t two best 


sungle-cagined bombers of the war: the Airco de Havilland 
DH 4 and up-engined GA, and the Breguet 14. Roth types 


were as fast us contemporary hehters, had an excellent 


defensive armament and could carry < to 600 210 to 


270 kg) of bombs. Opcrating in the tactical role, these tw 
aircraft fulfilled a useful but not vital part in the final 
Allied victor: 

The Germans did not make much use of the light bombet 
as such, Concentrating on the ground-attack type. I his clas 
of machine was intended to bc à manocuvrable. two-scat 
but single-engined biplane capable of supporting the men 
on the ground from low alutude with bos 


ADU i V UI 
gun fire. Best of these were the Halberstadt CI. IV, the 


Hannover CI. IIIa, and the Junkers CL land J 1. The two 


Junkers aircraft pioncered the use 


netal 11 Jircrull, the 
corrugated metal covering contributing | 


nsiderabiv to th 
strength so needed in this type of aircraft. (I'he CL I was in 
tact a monoplanc | 
would now designate them, proved very useful machi: 
and paved the way for the type of close-suppori werk b 
aircraft that became so important ia World War 11 

The British, who used fighters to support their ground 


forces With machine gun fire and light bombs, als 


developed specia OW ١ ttack aircrait. the 10015 


of fighters having shown the need for heavier armamenti and 
armour protection, Ehe ١ 
mrcraft was the Sopwith Trench Fighter (TF) 2, which 
appeared in limited numbers in 1918, Derived from the 
snipe fighter, the Salamander had 2,000 rounds of ammi 

nition for each gun, compared with the fishter s average of 
about 200, and bad 650 Ib 295 XKE) Ol armour protection 


st example of this type of 


Ammunition capacity and 


factors that became vitali 
aircraft ın World War Il 
Reconnaissance 
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1 flevator 10 Axw-driven fuel pomps 
* 7 Uppert fa are 11 | r* nu U e ci pe” PI ا‎ ry 
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/ 3 Mywood f^ COVPY feed fuel Tanks 
4 Aleron contro! how 12 forward entry Natch 
5 Steel cabane 13 360p Rolls Roy Fool 
6 Cabane braces VIN engines 12) 
7 Port wigs, shown in 14 Radiator 
folded position 15 Observer s seat 
Fuselage frame 16 Wot s seat 


Dorsal Un Lewis MG 17 Town 303m Lewes MG: 
18 Access fo gunner s 
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vë 14 ^ MIA fuu 


| 
f } / 7 7 19 Plot tube 
I / ش‎ / / 20 Piot s foot cont Ms 
| 21 Slat flooring 

Batteries 
/ 23 Fre extinguisher 

24 Bomb bay boow fue 
Fans 
Transparent panel 
Exred rubber cord 


shock strut 
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27 Twin mar-wiieels 

28 Fuel tanks 12) each 
holding 130 imp. gail 

29 Hinge strui 

30 P wood cdi ered Tree 


nter 53117 ix 


31 Plywood covering 
Y Double flying braces 
33 Drag stru! 
34 Aeron 
35 Multi strand cable 

0# 
17 36 Taulskıid 

37 Vertical stabdiser 

27 26 = 38 Lower talplane 
39 Rudder 
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possible for the primary task vi reconnaissance, a certain 
amount of inherent stability was desirable, Yet in 
combat any measure of inherent stability was a habits 
How was the designer to balance these. two conflicting: 
requircments ? The answer, particularly on the British side, 
was that he could not: the Royal Airczralt Factory RE-S, 
which entered widespread servico im 1917, Was in many 
respects too stable to protect itself adequately in combat 
Yet when given protection by Dehters, it proved an 
admirable reconnaissance and artillery spotting aircraft, and 
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showed itself to be one of the best and most successful ty pes 
fown by Brita during World War I. Ihe RE-S was not 
fast but its endurance was good, armament Of one hxel pun 
lor th. pal t und onec or [wo flexi uns lor the observe 
adequate, and tic payload good, the type bong able to 


of bomhs or one of the choosy radio 


MI 
carry 260 in (120 Ke 
ters needed for the essential work of arullery spotting, 1 he 
Armstrong Whitworth FK-S fulhlles a similar function at 
about the same time 

da 111117 operated 5 plethora إن‎ mveonndssakc Types 
and these served the armi well. From thi 
Albatros B I, Aviatik B land LVG B 1, all unarmed bi 
planes in service ut the beginning of the war. the Germans 
quickly moved on to the armed C-class machines, exempt 
fied bv the Albatros C 1, HI and VI(1915-6), the DFW CIN 
916), and the LEG (Roland) € 1] 
adequate machines with good armament and range, and in 
the case of the Roland € II, excellent performance. In the 
closing stages of World War I the Germans continued t 
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produce first-class reconnaissance machines, all engined 
with powerful and reliable Mercedes or Benz inline motors 
Although their appearance was often very similar to that 
of singic-cngincd fighters, these reconnaissance machines 
were somewhat larger than the fighters, lor apart from an 
extra crewman, they all had to carry radio for artillery 
spotting or cameras for the photographic reconnaissance 
roles. Both these items had been reduced in weight and size 
very considerably by the end of the war, but were sti) 
bulky, heavy articles that required a considerable arca ol 
wing to provide lift. 
Maritime aircraft 
Land-bused maritime amcralt 
obsolete aircraft from other theatres fitted out to curry a 


few small bombs und used as patrol aircraft against sub 


werc for the most part 


marines, operating in conjunction with small non rigid 


airships. Towards the end of the war there emerged the 
aircralt-carner, and a few 
ly from the decks of such vessels. The most interesting 
‘landplane’ for maritime use developed during the war, 
| his the first 
torpedo-bomber to be designed for usc from a carrier, but 
Nevertheless, i 


modera types were adapted. to 


however, Was the Sopwith Cuckon wis 


few were delivered before the armistico 
minted the wav to what was te be the carrier s most potent 
weapon in Ihe next wal 

The classic Aving-boats of the war were Undoubtedly the 
Curtiss Amenca senes, the Franco- Bnush Aviation Iype 
H. the Felixstowe F 2A and the Macchi Ms. The first three 
were fairly substantial patrol flying boats, but the last was 
an interesting und quite high-perlormance hehter for use in 
he Adriatic. Because of their need to operate from water, 
all these craft were solidly built, and this stood their crews 
in good stead in combat, in which small calibre machine gun 
fire frequently failed to shoot down the larger fiving- boats 

The aeronautical technology developed during the First 
World War is not to be sneered at. Later engines were more 
reliable, but their power to weight ratto was not that much 
better; given the materials the designers had to work with, 
today's designers could not have done much better 


THE INTER-WAR YEARS 
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lhe Stuka tous an 
outstanding succes as a dive- 


j ١ , 
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flight and a sitting duck for 


encory enteri 


At the same time, the Amencans made great strides in 
developing modern twin-engined bombers, first with the 
Bocing Y B-9 in the carly 1930s and then with the Martin 
Beso, which was fast enough at 215 mph (345 kph) to outtly 
contemporary fighters 

The wind tunnel, pioncered by the Wright brothers 
among others, became an important design tool in the 1930s 
Apart from acceptance of the necessity for strcamlıning and 
retractuble landing gear, wind tunnel tests resulted in the 
British Handley Page automatic slot, an air-pressure 
operated device mounted on the kading edge of the wing 
to Warn of an approaching stall, and actuully delay the stall 
by inducing an cxtra flow of air through the slot to smooth 
the air At the trailing edge, moveable flaps were 
attached to increase lift at low forward speeds by increasing 
the wing and accentuating camber 

Curtiss had undertaken much development work with 
the dive-bombing notion in the 19208, with emphasis on its 
application to naval aircraft, and by the end of the 1930s the 
US Navy was well advanced in the theory of dive-bombing, 
and had some interesting types in service or being designed 
Ihe Germans, however, saw the dive-bomber as flying 
artillery’ to support their rapidly moving ground forces, 
spearheaded by armoured formations with which con- 
ventional artillery units would not be able to keep up. This 


H ENA 


type of Tactics. was experimented with and proved in the 
Spanish Civil War, in which the Germans and Italians 
helped the Nationalists under General France. The basic 
German due bomber was the Junkers Ju 87 Stuka. 

Russia had considered strategic bombing by four 
engined aircraft latë in the 19208, and the Tupolev design 
burcau had produced a series of large aircraft, culminating 
in the great ANT-6 carly in the 19308. But then came a 
change of policy in favour of tactical use of Russian air- 
power, and this carly lead in heavy bombing was discarded. 
The United States was also interested in this type of 
bombing, and designs by Boeing, Consolidared and 
Douglas materialized in the late 19308. The designs ol the 
first two companies went into production as the Boeing B-17 
Flying Fortress and the Consolidated B-24 Liberator, 
powerful ſout-engined aircraft capable of carrying some 
8,000 Ib (3,634 kg) of bombs over great ranges 

The B-17 first flew in 1935, but only a few were delivered 
in time for the war, and most of these were destroved by the 
Japanese in December 1941. That same month, however, 
the remaining Bı7s carried out the first offensive of the war 
by American aircraft, bombing some Japanese ships. 
Eventually more than 12,700 were built, The slightly less 
famous B-24 Liberator was designed in 1939. It was a 
versatile aircraft, used as a troop transport, for reconnais- 
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8-177 Flying Fortress, 290th 
Bomber Group 
Engines : Four 1,200hp Wright 
Cyclone radials 
Wing span : IO 91 
Length : 74H din 
Heéght : 1912) 
Max speed : 299imph at 258,000 
Ceiling : 37,500ft 
Range : (wrth 6.0001 bomb 
load) 1,300 miles 
Max load : (Short range) 
12,804 in racks, 8.000486 
externally 
Armament Ten to fourteen Sen 
Browning machine guns 
1, Pilot and co pots positions Ci 
2 Forward dorsal MGs ١ 
3 Internal bomb racks 
4. Bulkhead 
5. Radio operator s area 
6 Radio aerial mount 
7 Tedplane de-rcing 


equipment! 
8. Tal turret 
9 Ammurwbon feeds 
10. Tad wheel assembly 
11. Entrance hatch 
12. Warst guns compartment 
13 Mod- owe Sperry ball-tyre 
power turret 
14 Port flop 
15. Port outboard fuel tanks 
16. Port leading-edge de - icing 


equpment 
17. Port wheel (lowered) 
18 Firewall in nacelis 
19. Oxygen bottles 
20. Pitot head 
21. Necelle holding DJF loop 


ers 

22. Navigator and bombardier s 
compartment 

23 Ammon storage 


24 Norden bombsight mount 
25. Front gun turret 


ra Lead bombes (in red) gave tgo for all Fortresses in the formation to 
release thew bombs German fighters usually concentrated on this 

> © “i ينع‎ Craft, 50 box -type formation gave the greatest warg of ue power 

where t was needed The closeng rate of 600emph geve attackers little 


— time to fire. 
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Consolidated 8-24 Libera 


it ro Lam PUT 


since and as a submarine killer as well as a bomber. It was 
th | Tao which hot ¡bed the Romanian olficids al 
9 


"loesti trom bases in Libva 
were built. more than any other American aircraft of the 
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More than 18,000 Libcrators 


Ar the same time grcat advances were made in the pro- 
vision of adeguate bomb-sights. Britain too was interested 
in heavy bombing, and 3 trio of four-cngincd bombers was 
under development in the late 19308: the Short Stirling, the 


Handlev Page Halifax and 


fnur-enmnod version of the 


the Avro Lancaster. the last a 
unsuccessful Avro Manchcster 
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twin-enginod bomber 

In the held of fighters it was Russia that led the world in 
the carly 19308, with the introduction of a new type of 
fighter, the Polikarpov 1-16. This was a small stubby air- 
craft which soon became obsolcte, but for the Arst time on a 
production fighter it featured an enclosed cockpit cantu 
lever monoplane wings, a retractable undercarriage and an 
armament including provision for cannon and rockets. Both 
these weapons had been experimentod with during World 
War I, principally by the French, but now they became an 
accepted feature on fighter aircraft. 


Cuber nattons had already been designing such lighters, 
and the 1-16 was soon followed by the German Messer- 
schmitt Rf 109, the British Hawker Hurricane and Super- 
marine Spitfire, the French Morane-Saulnier MS 406 and 
Bloch 131, and the American Curtiss P-40 serios. With the 
exception of the Bloch fighter, all these types were powered 
by in-line engines, whose high power combined with low 
frontal arca recommended them for short-range aircraft. 
At this time radials found more favour as powerplants for 
heavicr, long-range aircraft, us they were more economical 
in fuel than inlines 
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Ihe scene was thus set tor World War Il woth aircraft 
that were of cantilever construction, with enclosed cock pits 
and retractable undercarriages, of metal construction for the 
most part. and with speeds in the 240 to 340 mph (400 to 
$65 kph) range. Armament on fighters comprised cither a 
mixture of cannon and machine guns, as on French and 
German siecrale, or a large number of machine guns, as on 
British and American aircraft. lo general, performance was 
radically improved, with ceilings. now about 
35,000 ft (10,670 m) by the usc of various types of engine 
supercharging developed in the 19208 und 19305 
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Lin 1922 by a British aircraft, the Bristol Monoplane 
١ US aircraft had wheels which retracted into 
i cs in the fuselage alter a fashion which was 
tene American singic-engined fighters for many 


frerwards. Those of the British racer folded into 
ihe underside of the Wing 

mc years after the war technical developments in 

"nated. In particular little headwav was made in 


design, so cruising speeds remained low and there 
justıhcanon for the general adaption of expensive 


| vations where the benefits were relatively small. Quite 
significant improvements could be made by the very simple 
Hent of enclesng the landing Pour IN strcamlined 
laurngs known as spats, which were cheap and light. i hose 
table wheel systems which did appear were to be 


| am p hu bi "us aircralt, since fixed whecis could not 
| ın operation from water. In such cases the need 


simply to prevent the wheels from dragging im the 


id little thought was given to refining their instal 
; to improve causing pertormance 
imerica the abilitv of the aircraft to conquer vast 
with speed was beginning to be recognized and in 


being brought out a verv clean design, called the 


Below left ' the scissor-t ype hydraulic mechanism on this modern 


mos telo! gear is designed to lt up che nose of the atrcrafi 
during take-off 

Bottom of page: this BAC 
modern aircraj1 where Ihe wheels must be tucked away into chi 
fusclage because the LANE i arë 100 thin to accomodate them 


Sepecat Tag Mart £5 n EN sm; OJ “i 


Monomail, for the US postal services, it was the first 
utility aircruft to boast a retractable undercarriage Two 
years later the same company HCW us Model 247, the 
world's first modern transport aircraft, which in addition 
to many other technical could 
away. The introduction of variable-pitch propellers, which 
permiticd higher cruising specds to bc attained. without 
sacrificing the low-speed efficiency required for good 
landing and tuke-oll performance, was a technical break 
through which jusuhcd greater efforts in drag reduction 

By the late 
military types coming into service of projected. employed 
retractable landing gear, made possible by developments in 
the technology of high-pressure hydrauli 
Ihe undercarriages of even the smallest aircraft are heavy, 
and considerable force is needed during 
overcome the westhi and wind-resistunce 
difficulties increase with speed. Some ol the carly auscralt, 
such as the Avro Anson, had a mechanical screw-jack 
device for winding the wheels up by hand, a very tedious 
process. Others, for example the inital marks of Spittires, 
used rudimentary hydraulic circuits. energizod by hand- 
pumps to achieve the desired result. Neither method wus 
acceptable for the bigger aircraft then in prospect, some ol 
them four-cngined, but the development of progressively 
higher-pressure circuits, energized by pumps driven from 
the engines, overcame these dilficulucs, hydraulic 
retraction is now universally employed 


, 
advances, ind 1 * heels 


19308 most of the new commercial and 


mechanisms 
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Designers have shown much ingenuity in tucking wheels 
away nto Inc Wingels morc crowded aurlram« in tix 
days ol Mon enen d uircralt the wheels of mult nene 
types were traditionally pulled up into the cogine celle 
4 convenient arrangement since the nacclics mprised 
little more than empty faınngs. In many cases rhe nacel 
were not quie Jeep cnougn 10 completely Erich h 
wheels, so that some of the tyre was left protruding. Th 
loss of performance was quite small as the wheels were ol 


cd little drag. i 


notabiv the Douglas IX 1. the whe 


smoot contou and al dı SCOTI Manes, 
eIs protruded some win 
Jnd Wines so rat in 


below the profile of the lower fusclage 


an emergency the plane could be landed on them, whik 
still retracted, 


engined types the wheels mu 


without eine n sang) 


st Ireguentiy folded away into 
the wings Nowadays the wings hehtcrs arc so thin that 
they cannot accommodate the landing geur, and very com 
plcated mechanical arrangements are necessary to fold 
them in such a way that they take 
in the fusclage 


Failure of the landing gear to 


up the least possibi 
retract er take on ss 


usuallv no morc than an inconvenience, but ınabılıtv to 


lower the gear tor landing can be catastrophic, so safety 
arrangements have to be made to deal with this coperecncy 
Normally the gcar is designed so that when the 


which prevent the undercarriage 


unlocks 


from inadverientiv ex 


lalis to the landing 
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tending in flight, are treed, the 
position under the influence of gravity 
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FLYING BOATS 
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i Wo War 11 farm 
I Britain's efforts, in fact, led seaplane development of all 
of kinds through the 19205 and carly 19308, culminating in the 

1 | uge Short Sara 73% which, with its 150 11 (66.7 m) 

i i i ving n. u th gest biplane built, But, by then. such 
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Britan the icad, as 


١ i ci moplane fying boats were developed in Europe and 
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never entering service, introduced the age of the giants. 
dominated by the great Sikorsky boats and Martin Clippers 
of America. Finally came the Bocing 3114 Clipper which, in 
1939, established scheduled transatlantic passenger services 
Largest of all was Howard Hughes’ 460,000 Ib (208,650 ke 
Hercules, with a 120 ft (97.44 m) wingspan, which made its 
first and only flight in 1947, and could have carried 70c 
passengers. It is the largest aircraft ever to Hy, with an 
overall length of 219 ft (66,75 m). Among the most famous 
aircraft of World War II are America’s Consolidated 
Catalina and Brtun's Short Sunderland vine boats, used 
unccasingly for maritime patrol in both the Atlantic and 
the Pacific, 


Oppose page: a Short Sunderland marine reso 
suhmarıne yine boat used in WW FE. 

Right: the PB Y 4 Catalina’s port blister gun 
Below: RAF Coustal Commund Garalına Mk IV AC PRY $ eii 
Op Port نض اميت‎ under {emd 7 use). Shë had tow Prati € 
Wes trey 14 cvimder radial crimes, and carried 7-9 cn 
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1 Starboard float 
lowered!) 


2 Bow Vickers 303 MG 


3 Mooring bollar d 

4 Bow compartment 

5 Roll-up canvas door 

6 strument Hing 
panel 

7 Pıot's position 

8 Wing center-section 
fuel tank 

9 Pratt and Whitney 
RH 1830-82 M-eyl 
wan Wasp engines 
(two) 


10 Fight engineer's 
position 
11 Port wing fuel tank 
12 Prot head 
13 Port landing 
laht 
14 Wing structure 
15 Outer-wing fixing 
16 Twin Vickers 203m MGs 
17 Port float 
retracted to form 
ng -tip 
18 Tad planeo, onë 
prece through rudder 
19 Rear bulkhead 
20 Center -bulkhead 
21 Rest-bunks in 
center. section 
22 Awuwhary power 
imit 
23 Water tank 
24 Center bulkhead 
25 Float retraction controls 
26 Navigator's table 
27 Radio equipment 


THE AUTOGYRO 


An autogyro is a beuvier than air flying machine which 
derives its lift from a rotor system mounted above the 
machine, with blades rotating more or less horizontallv. 

Autogyros differ from helicoprers in chat their rotor 
blades are driven by the air flowing upwards past them (the 
principle being known as autorotanon), whereas the heli- 
copter has mechanically driven blades set at a greater pitch 
angle, so as to ‘screw upwards’ through the air. 

To maintain height, or climb, an autogyro needs a propul- 
sive system such as an engine and a propeller to dnve it 
forwards. Then, by tilting thc lift rotor svstem slightly 
backwards, the rotor blades will lift the aircraft, even 
though the air flows up and through the rotor. 

A simple autogyro needs some forward speed to maintain 
height, so unlike the helicopter, it cannot hover or take off 
vertically 

The motion of the rotor and the resulting upward thrust, 
or hit, depends entirely upon autorotation, resulting from 
the air flowing up and through the slightly tilted rotor blades 
us the machine moves forward. 

Nature has applicd the principle of autoretation for 
millions of years, seen in the whirling flight of the sycamore 
seed as it falls to the ground. Autorotation slows its descent 
and the wind has greater opportunity to disperse the sceds 
over a wider arca. 

The windmill was probably the first human invention 
which used sutorotation, hy harnessing the wind ro produce 
rotary motion. The idea of a flying windmill, where rotating 
sails produced a wind to lift the. machine, had a certain 
fascination with inventors, and among Leonardo da Vinci's 
thousands of drawings is an idea for flight along these lines. 
The real possibility for achieving such a machine was, how- 
ever, delayed until the development of the acroinil and the 
aircraft which embodied this device, 

A windmill is hasically an airscrew or propeller working 
in reverse, such that the air flowing over the sails is deflocted 
by them, and exerts a force on the sails pushing them round. 
The sails effectively give way’ to the wind and are pushed 
round by ıt. 

As carly as the Middle Ages, however, 11 was realized that 
if the sails were set at a very flat angle to the wind they 
would be made to rotate against the airflow and thus be 
‘pulled’ round into the wind. The principle bere 15 the same 
as with a sailing ship which can ‘tack’ close to the wind, 
meaning it can move forward against the wind, at û shallow 
angle to it, if the sails are properly set. In much the same 
way a glider moves forward as it descends through the air 

The rotor blades of an autogyro are shaped to achieve the 
same cffect, and set at a shallow angle of about 3 to the 
horizontal plane in which they rotate, The shape is that of 
an acrofod which enables the blades to turn into the airflow 
rather than be pushed round by it. 

When turning fast these rotor blades offer considerable 
resistance to the upward airflow, and it is this resistance that 
can be used to provide lift. The amount of lift created 


depends upon a compromise between the airspeed of the 
rotors, and the resistance the rotating blades offer to the 
5% girflow past them. In practice, the desired lifting force is 


only produced when the blade speed greatly exceeds the 
forward speed of the machine. 

To take off the rotor must produce adequate lift and it is 
necessary, therefore, to bring the rotor up to the required 
speed. This can be done in rwo ways. 

The first and simplest way is to propel the machine 
forwurds and, by tilting back the rotor system, use the air- 
flow through the blades to build up the rotor speed. This, 
however, requires a suitably long runway. The second 
method involves more complex muchinery but makes 
possible very short take-off distances, Here the rotor is 
brought up to speed by a linkage to the engine used to 
provide the forward motion. When the rotor has the correct 
speed, the linkage is disengaged. The machine is then 
allowed to move forward, and take-off is achieved by tilting 
back the rotor system. Some autogyros can ‘jump-start’, by 
over-specding the rotor using the engine. The drive is then 
disengaged, and the rotor pitch increased. The aircraft 
jumps, using the stored energy, and continues then in 
autorotation, 

When the engine and propeller speed are reduced the 
forward speed will decrease and the autogyro goes into a 
steady descent path. The autorotation principle still applies, 
as the air flowing up and through the rotor maintains the 
rotor speed. A biting force is therefore produced which, 
although insutficiont to maintain the machine altitude, pre- 
vents it from falling like a stone. Even when the propeller is 
stopped, the autogyro will descend safely. 

In this respect the autogyro is at some advantage over the 
hehcopter, since, in the case of helicopter engine failure the 
‘climbing pitch’ angle of the rotors (about 11°) would 
quickly stop them, with disastrous results. To Keep his 
rotors turning the pilot will have to quickly reduce the pitch 
angle of his blades to that which provides 'autorotation' for 
a safe forced landing, but some valuable height may be lost 
in the process, 

The first successful autogryo was designed by Juan de la 
Cierva and was flown on 9 January, 1923 at Getafe Airdrome 
near Madrid. This was his fourth design, the other three 
suffering from an alarming tendency to roll over. 

The instability was duc to the use of rigid rotor blades. 
With the machine moving forward and the rotor turning, 
the blade turning into the airstream experiences a greater 
lifting force than the opposite blade moving downstream. 
With rigid rotor blades, this imbalance is transmitted to the 
whole machine producing a rolling motion. To overcome 
this instability, Cierva designed a rotor system with blades 
suitably hinged at the root, so that rather than transmit the 
imbalance to the whole machine, it was taken up by the 
individual blades which could move accordingly. 


Opposite page top: Juan de la Cierva standing by one of has first 
antogyros in 1925. The wunglike propections are ailerons, 
mevenary becauie the rotor was nor fully controllaNe. 

Bottom: dus Kellett autogyro mas taken to the Antarctic by 
Admiral Byrd in 1933. The pilot, shown in the pecture, was 
Witham S. McCormick. 
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lop of the page: although the 
Messer hemmt Me-109 had 
ome of the largesi production 


runs oj any WW Il aircraft, 
the Focke- Wulf FW 190 mas 
the later and muore 
soniustscated aircraft 


lone: an FW 190 i: caught by 


the cannon of a Hawker 
Typhoan 
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WORLD WAR TWO 


Fighters 
The two chief fighter variants in usc at the beginning of the 
war were the light interceptor fighter, exemplified by the 
Bf 109 and Spitfire, and the heavier, two-engine escort or 
‘destroyer’ fighter such as the Messerschmitt Bf 110 and 
shghtly later Bristol Beaufighter. The two-engined fighter 
proved not very suitable for air-to-air combat involving 
singlc-engined fighters, and was subsequently allocated a 
different role 

Early fighter combat immediately made it clear that apart 
from improvements in performance, usually associated with 
improved powerplants to produce higher speeds, ceilings 
and rates of climb, fighters needed protection from enemy 
fire in the form of armour protection for the pilot and engine 
and self-scaling fucl tanks to prevent these from leaking and 
catching fire when hit by enemy acuon. Several of the 
singic-cngincd types in service in 1939 were still flying in 
1945, und the development of aircraft occurred during the 
war itself. Armament was naturally increased, with larger 
calibre machine guns and cannon becoming the norm, but 
at the same time protection was increased, and performance 
raised from some 350 mph (565 kph) on 1,000 hp to 450 
mph (725 kph) on about 2,000 hp. Ranges were also 
improved by the introduction of underwing fuel tanks that 
could be jettisoned when empty. The classic examples of 
fighters that underwent this type of development were 
Britain's and Germany's standard fighters, the Spitfire and 
Rf 109. New fighters were also introduced in the war, and 
these included the magnificent and versatile Focke Wulf 
Fw 190, North American P-sı Mustang and Republic P-47 
Thunderbolt, The Russians, preoccupicd with tacucal ajr 
operations in support of the army, developed simple but 
robust fighters which were in every way the match for 
German fighters at the low altitudes at which the Russians 
operated 

The need for pure interceptors lessened as the war pro- 
gressed, so many fighters found themselves adapted to the 
role of fighter-bombers, with engines adapted for low- 
altitude operations and the capability of delivering up to 
2.000 Ib (910 kg) of bombs or a mixture of bombs and 
rockers. The fishter-bomber was soon a vitally important 
weapon, especially over Russia and the European fronts. 
The classic fighter-bombers were the Hawker Typhoon and 
Tempest, Designed as interceptors, their high - altitude 
performance was disappomung, but they proved fast, 
manocuvrable and capable of carrying heavy underwing 


loads at low altitude, and were used almost exclusively as 


fighter-bombers in the second half of the war. In the field of 


interceptor types, finally, the introduction of the British 
Gloster Metcor and German Messerschmitt Me 262 jet 
fighters in 1944. with speeds in the order of sco mph 
(805 kph) showed what might be expected from the next 
generation of fighters. 

The heavy fighter of the opening stages of the war was 
soon evolved into two major roles: bomber-destroving by 
night, the classic examples being the Messerschmitt Bf 110, 
Bristol Beaufighter and fighter versions of the de Havilland 
Mosquito; and as strike fighters, particularly in the mari- 
time role, classic examples of these being again the Beau- 
fighter and Mosquito, in different marks, and the German 
Junkers Ju 88, The Americans also entered this field, con- 
verung many of their medium bombers, principally North 
American B-24 Mitchells and Martin 1-26 Marauders, 
into strike aircraft. In night-fighting and maritime strike 
operations, small radar sets on board aircraft came to play a 
dominant role as the war moved towards its conclusion. 
Bombers 
With the exception of the United States, which did not 
enter hostilities until 1941 in any casc, most of the com- 
batants in World War Il started the war with only medium 
bombers. These underwent development similar to that 
of fighters to improve their combat capabilities, specds 
rising by up to 100 mph (160 kph) to the region of 150 mph 
(s65 kph) bv the end of war. Few new bombers of note 
entered service after the beginning of hostilitics except the 
extraordinary British de Havilland Mosquito, which was 
unarmed, made of wood and so fast that no contemporary 
fighters could catch it; and the Russian Petlyakov Pe-2, a 
sturdy and versatile two-cngined machine that served 
Russia remarkably well throughout the war. 
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The German Junkers Ju 87 Stuka dive-bomber performed 
well in early campaigns, despite horror stones to the con 
trary, its precision probably caused fewer civilian casualties 
than mass bombing would have done. The Battle of Britain 
showed, however, that the relatively slow Stuka, which was 
vulnerable during its bombing run, could not be used where 
the Germans did not enjoy supcriority in the air. It con- 
tinued to be useful as a tank killer in North Africa and on the 
Eastern front, On the same front, the Ilyushin 11-2 
Shturmovik, a single-engined ground-attack machine of 
very robust construction, proved a problem for the Germans. 
Armed with heavy cannon, rockets and bombs, it operated 
very well at relatively low altitudes, rarcly above 1,600 ft 
(490 m). 

In the sphere ot heavy strategic bombing, the British and 
Americans reigacd supreme, the former by night and the 
latter by dav. The British had started with davlight raids 
over Germany, but losses were so severe that they decided 
instead to concentrate their efforts on mass night raids to 
destroy whole arcas. Based on the Halifax and Lancaster 
lour-engined bombers, capable of carrying loads upwards of 
12,000 Ib (5,455 kg) into Germany, raids by forces of over 
1,000 bombers became frequent occurrences in the German 
night from 1942 onwards. With radar aids these missions 
became more effective in 1943 and by 1944 were straining 
German industry and communications to the limit. 

The Americans prepared daylight raids by large forces on 
pinpoint targets. Such was the armament of the B-17G and 
B-24H that fiving in stepped-up box formations, the 
bombers could provide cach other with great defensive fire 
and thus keep down losses to German fighters. Daylight was 
essential for the pinpoint raids against the small, vital 
targets considered the best tangets by the Americans. The 
United States’ third major four-cngined bomber was the 
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1 Framed armored 
glass panel 

2 ‘Galland’ type hood 

3 Control column 

4 Revi 16b gunsight 

5 Rudder pedal 


6 Breech of 20mm Mauser 


MG 15! cannon 

7 Frewall bulkhead 

8 20mm Mauser MG 151 
cannon 


9 Twin Rhemmetall.Borsig 


73mm MG 131 

10 Gun troughs 

11 Cannon muzzle 

12 Airscrew pitch 
change mechanism 

13 Od tank 

14 Coolant header tank 

15 Forged engine bearer 

16 DB 605 DC engine 

17 Exhaust 

18 On cooler mtake 

19 Undercarriage 
retraction 

20 Fuel pipes to engine 

21 Mamnspar attachment 

22 Wheelwell 

23 Leading-edge slot 

24 Ducted coolant 
radiator 

25 Camber-changing Hap 

26 Plot s seal 

27 Control linkage 

28 Contoured fuel tank 

29 Wooden tail- unit 

30 Retractable tad 
wheel 

31 Compass support tray 

32 Master compass 

33 Access hatch (port 
side only) 

34 Radio equipment 

35 Fuel filler cap 

36 Oxygen bottles 


Power plant Daimler-Benz DB 6050C, 
12 cyl. hqurd-cooled, inverted 
Vee, with Methanol-water 
injection ( MW50); 96 -octane 
fuel (C3) gring 2,000Np at 
take off and 1 800018 at 
165,730 
Armament One 30mm Mauser MK 108 cannon, with 60 rounds, or 
One 20mm Mauser MG 151 cannon with 150 rounds, plus 
Two 13mm Rhemmetall-Borsig MG 131, with 300 
rounds per qun 
Gun sight Rev 168 reflector sight on 
folding bracket 
Range 350 miles at 330mph at 19.0308: 
(with 66 imp gall Junkers drop 
tank 620 miles) 
Climb 2.9min to 9.8401 
6 min to 18,700 
Service ceiling 37,890ft 
Max speed (at 6.940/b) 340mph at sea-level 
366mph at 6 5601 
372mph at 9,8401 
380mph at 13,1 20/1 
385mph at 22.6401 
426mph at 24,280 A = 


The Messerschmitt Bf 10906 
f t945) had a top speed of 

140 mphi 557 kits) at sca 
level, Wingspan was abour 

2 feet 9.7 m) and length was 
aha 29 foer 8 8 m) 
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reconnaissance versions of the Mosquito y ne them later 
Naval aviation 
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armer based aircraft. for usc against other naval forces an 
land tarects bevond the range ef land- based eta 

The two classic British maritime aircraft were the 
ICHIMERU ut ١ urey Nu (dish and Ihe ^ MT Ni n I ud The 
Nwonrdhsh was 1 Plane 1 moi Momper Utal was OW a0% 
standards obsolete by 1939. Tet it soldıercd on throughout 
the war, proving a very versatile and able rv I he 
Sunderland fiving-boat plaved an important part in safe 
vuandini” the scalanes across thx Atlantic towards 1 

lapan ¢ greatest naval aircraft was the Mitsubishi ASM 
Zero” fighter. This was the first naval fightcr to equal 
landplanes in performance, and its debut into comb 
against the Amencuns came as an enormous shock to the 
Alles. It was 1943 before they finally got th sure of this 
remarkably agile fighter 

[he main protagonists of naval aimpower were the 
Americans: 11 war against Japan this was the onis 
ofensive method 1 htabie in tn Paotr ihe standard 
hezhter at the beginning ol the War was the tubby little 
Grumman Fak Wildcat, which had a just about adequate 
perior II c It was soon succeeded however, bv the él 
Hellcat. an excellent aircraft that was complemented late 
in the war by the superlauve Vought I IU Corsair fighter 


and fiehter-bomber. The Corsair has a od claim to the 


E 
title of best Behter of the war; it was called uhisthag death 
by the Japanese. As major offensive weapons the LS Navy 
had the Douglas Dauntless dive-bomber and the Grumman 
Avenger torpado-bombei 

One of the lesser-known facts of the Second World War ts 
that the Italians built some very good aucraft. Regganc, 
Macchi and Fiat built excellent fighters, but the total 
numbers of the latest models was less than 2,000, largely 
hecause of shortage of engines. In all, Italy had only about 


13,800 aircraft, but their pilots fought courugecously all over 
the Mediterranean, the Balkans and North. Arica 
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1 Blackout curtam 

2 Folding sight 

3 A stand MG 15 

4 Revi gun-sight 

5 Power control link 
6 MG ammo storage 
7 'B”srand MG 155 
8 Hot ar duct 

9 Control links 

10 Fuel tank, 1 220 
11 Control surface links 
12 Fuel tank support 
13 Fuel tank, 680 
14 Computer 


15 Fuel overflow pipe 

16 Dinghy-activating 
cylinder 

17 Dinghy stowage 

18 Tal wheel sack 

19 fue! overflow 
outlet 

20 Jim tab operating 
mechanisn 

21 Aetractable tad 
whey 

22 Oxygen bottles 

23 Oxygen bordes 

24 Man compass 


25 Oxygen bottles 

26 Oxygen lines 

27 Access walk way 
28 Rad-type sera 

29 Slotted flaps 

30 Fuel tank, 4954 

31 Corrugated leading- 


edge 
32 Retractable slatted 
dive brakes 
33 Dive-brake actuator 
34 Fuel tank, 415 


35 Junkers Jumo 2118-1 


engine 


3 Engine bearer 

37 Annula radiator 

38 0# cooler 

39 C stand MG15 

40 Contro! links 

41 Plor's seat 

42 Pilot's controfs 

43 Rudder pedals 

44 Instrument panel 

45 Beete s eve’ nose 
sechon 

46 Main distributor 
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Jot pipe 

Fuel overflow pipe 

Elevator and rudder 

contro! rods 

4 Manplane rear 
attachment 

5 Fuel tank skin 

6 Undercarriage bay 
(starboard) 

7 Fuel booster pump 

B ots Mk 1 Martin 
Baker sector seat 

9 Offset canopy 

10 Navigator’s table 

11 Bornlung computer 

12 Bomb aimer’s position 

13 Wind break 

14 Crew entrance door 

15 Starboard equipment 
Hatch 

16 Electrical equipment 
hatch 

17 Bomb bay doors 

18 Bomb bay 

19 7nple breech starter 
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THE JET ENGINE 


The gas turbine and its variant, the jet engine, are the latest 
developments of old ideas. The word ‘turbine’ comes from 
the Latin ‘turbo’, which means a whirl or eddy. Water 
wheels, which have been in use for centuries, arc turbincs. 
In 1791 the gas turbine as we know it was described in a 
patent by John Barber. His drawing showed the essential 
features of the gas turbine engine: a compressor, from which 
air is passed to a continuous-flow combusuon chamber, in 
which the fuel is burnt; and a turbine, through which pass 
the resultant hot gases. The hot gases turn the blades of the 
turbine and this motion is used to drive the compressor 
There is a surplus of power over that needed to drive the 


compressor, because it is a feature of the behaviour of gases 
that the work available [rom the expansion of a hot medium 
is greater than that required to compress the same medium 
when it عد‎ cold 

Other internal combustion engines work on an inter- 
mittent cycle. Any single part of the engine is exposed to 
combustion gases for only a short time and is then washed 
by the relatively cool charge of the next cycle. Practically the 
whole of the oxygen in the we can be utilized, giving 
temperatures of over 2,500 K (2,227 C, 4,040°F) in the 
combustion products, while few parts of the engine exceed 
«oo K (227°C, 440°F). 

(K stands for Kelvins, the unit of measure of heat in 
thermodynamics, in which temperature is measured from 
absolute zero. Temperatures quoted in Kelvins mey be 
converted to Celsius by subtracting 273.) 

Ry contrast, the blades of a turbine, which experience a 
continuous flow of combustion through them, can oaly 
withstand a temperature of about 1,100 K (827°C, 1,520 F 
if they are to be reliable over a usclul period of timc, even 
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when they arc made of complex modern allovs of nickel and 
cobalt. Onlv part of the oxygen in the air can be used if the 
temperatures of critical parts are not to exceed this figure 
This fact seriously limits the output and cfhciency of the gas 
turbine and provided a stumbling block for many years 
There were no practical developments until the beginning 
of this century 

The turbocharger was the first successful use of the 
principles of the gas turbine. Itis 2 variant of the gas turbine 
which produces no power in itself but increases the power 
output of the engine to which it is attached. A turbine 1s 
operated by the How vi hot exhaust gases from the engine, 
the turbine 0107015 a compressor Y hich raises the density, 
and hence the mass flow-rate, of the air charge to the com 
bustion chamber of the engine. The first turbocharger was 
designed by Alfred Biichi and built by the Swiss firm of 
Brown-Boven in 1911. In 1916 turbochargers were first used 
in aircraft, and were subsequently used in the most success- 
ful aircraft of World War 1] 

The centrifugal compressor was the only machine 
available when the turbocharger was first developed, and 
was capable only of low pressure ratios and modest efhci- 
ency, insufficient for a power-producing engine 

Just before World War II gas turbine engines were built 
by Brown-Boveri and installed for electrical generation 


20 Rolls Royce Avon 
IUS turbojet 
21 Integral fuel tanks 
22 Aur brake drag 
, CHANNEL Ss 
23 Ma "Dane Siruciure 
24 Jettisonahie fuel tank 
25 Adoro far Do vd 
26 Flap. starboard 
27 Taipi me rnoes 
2B Fuel overflow pipe 
29 rap! ane Structure 
30 Talplane actuator 
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These had multi-stage axial-flow compressors, which have 


rotating blades and stationary blades arranged so that 
pressure is built up in stages. More cihciency and higher 
pressure ratios arc available from this type of compressor 

The specilic power output (the power obtained divided by 
the air-mass flow rate, a size critenon) and the thermal 
efficiency (the power obtained divided by the fuel energy 
rate, 4 running cost criterion) both increase with turbine 
inlet temperature, Compressor pressure ratio (up to a point) 
and the efficiencies of < ompresser and turbine. Efhaency is 
determined by comparing the power of the actual machine 
with that of a thcorcrical machine having no frictional or 
other heal Elficiencies of both compressors and 
turbines can be as high as 90%, nowadays, but were much 
lower at the beginning of development 

Ihe first man to envisage the use ol gas turbines for 
aircralt propulsion was Frank Whittle, a Pilot Officer in the 
Royal Air Force, who was later knighted lor his achievement 
He patented in 1930 the combination oi a simple gas turbine 
and a nozzle to provide a jet-propulsion device, or turbo-jët 
In 1936 he formed a company, Power Jets Limited, to 
develop it, and in 1939, the company received a contract for 
a flight engine The same year a German design, the Heinke! 
He 178, made a short fight; the Gloster White E 28 39 
was more successful in 1941. In that year a Whittle WIX 
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Frank Whittle 
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thrust with the same amount of fuel. An advantage of this 
type Meni. called u turboten or lamet, ts that it 1S QUICICI 
hecuuse the jet velocity is lower. The ratto of the airflow 
through the outer duct të that going through the turbine 
is the bypass ratio. Fanjets with high bypass ratios propel 
the large airliners of today, This sistem has been der clone d 
with multiple swivelling nozzles for the Harner jump jet 
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For supersonic Hight the simple jet engine is entirels 
suitable, as the high jet speeds match more closely the high 
lorwurd speed of the aircraft. Jet speeds are sometimes 
increased by burning extra fuel between the turbine and the 
propelling nozzle, using surplus oxygen left in the turbine 
gases. fhis is called alterburning and increases thrust con- 
sonsummin means 


siderably Dorine take-off. fuel 


faster than thrust, but at cruising speeds alterburning cun be 
quite economical. Afterburning is incor porated in the Rolls 
Rovoe SNECMA Olympus 493 engines for the Concorde, 
which cruises at 2.2 times the speed of sound. A characteris 
tic of afterburning is that it ercatlv increases the norse level 


ol aircraft taking off 


u 
extra turbine energy to save fuel, but 


The Lockheed Tri-Star ts one 


I he turbopro; CNOI HS thie THU 


ventional propeller. rather than a fan inside the engine 
cowhag. Duri ihe rasos turboprops wore used on larg 
i timers. bui crm spo 
des eh mein of thi enen id turi» props arc us J 
taby only on smaller wreratt. Ihe best turboprop deshti 
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which had a two-stage centrifugal compressor and was usad 
in the Vickers Viscount, « well known for its smooth 
Operation. 

in engine similar to turboprop, hut used to drit 
transmission shaft rather than a prepeller shalt, عد‎ called 


turboshuli engine. Such ci 
helicopter PH S nora by rh 
the United States. on several models cine With ux 
XH-13F ol 198%. The engine is usually mounted on top of 
the fuselage directly adiacent to the rotor 

Ramicts and pulse ICS art also called athodvds, an 
acrenvm from Acro THermODYnamec Duct. [hey A 
no retantimnz partis 

In the ramiet, Incoming air is compressed by a specially 
shaped inlet nozzle which slows its velocity and raises të 


temperature. After combustion the het gases are allowed to 
expand and leave the rear nozzle at a velocity greater than 
that of the aircraft, resulting in thrust. Ihe rampet operates 
only at forward speed sora take-off assist is necessary. 1 he 
ramjet has been used to power guided missiles which do not 
fiv outside the atmosphere. They have been used to power 
tareci drones, and have ako been fitici to the tops أن‎ 
helicopter rotor blades, with niet pass Mm the front edgi 
of the bean Ramıcts are most ellıcıent m the 1,500 to 2,50% 
mph rang 

Ihe pulse-jet, as its name implies, Operates intermiti nth 
The air enters throug! valve which then closes; com 
bustion then takes place and thrust is produced; when thi 
pressure on the combustion chamber drops, the valse opens 
and the cycle begins again, Pulsc-jcts. Were used during 
World War II in the Germai V-t fiving bomb They wet 
unreliable, extremely nowy and had high fuel consumption, 
hut were simple und inexpensive to build und were 2 good 
choice for this application, because they only had to operati 
for a few minutes to gor the bomb to the target ihe pulse 
jet rends to lose thrust wath speed, and is most cilicicent at 
51100570008 spreeus SINC the War, then have been sed for 
target drones, and were also used on the ups of helicopter 


rotor blades 
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THE EJECTION SEAT 


Towards the end of World War Il emergency parachute 
escapes from military aircraft were becoming increasingly 
difficult, and the introduction of jet powered aircraft with 
their vastly increased speed virtually  climinatod the 
possibility of a successful ‘over the side’ bail-out. 

In 1944 Mr James Martin (now Sir James Marun) was 
invited by the then Ministry of Aircraft Production in 
London to investigate the practicability of providing fighter 
aircraft with a means of assisted escape for the pilot in an 
emergency. 
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After investigating alternauve schemes it soon became 
apparent that this could be best achieved by forced ejection 
of the pilot's scat, with the pilot sitting in it, and that the 
most effective way of doing this would be by an cxplosive 
charge. After ejoction, the pilot would fall away from the 
seat and open his parachute by pulling a npcord in the usual 
way. This also fitted in with Air Stalf requirements at that 
time, that any cjection system should “utilize existing salety 
equipment . 

When an cjection scat is operated in an emergency, the 
seat, complete with the occupant and carrying a parachute 
and a pack of survival aids, is ejected from the aircraft by an 
ejection gun. The ejection gun is secured to the aircraft 


vertically behind the back of the seat, and is powerful 
enough to hurl the seat well clear of the aircraft even if it is 
travelling at high speed, possibly faster than the speed of 
sound. 

Some seats are fitted with a rocket motor underneath the 
seat in addition to the ejection gun to increase the height 
attained by the seat. The rocket is fired as the seat leaves the 
aircraft and the combined force of the gun and the rocket 
will propel the seat and occupant to a height of about 300 ft 

gt m), which is high enough to allow a parachute to open 
fully, even if the ejection is made from the ground with the 
aircraft stationary. This feature is a decided asset when 
installed in modern vertical take-off and short take-off 
aircraft, and also in conventional aircraft should ejection be 
necessary with the aircraft in à nose-down attitude at speed 
near the ground. 

To commence erection, the pilot pulls on a handle located 
above his head or between his knees, or pulls a screen down 
over his face which starts the cicction sequence and also 
protects his face from the air blast. This jettisons the cockpit 
canopy and fires a cartridge which ignites other cartridges in 
the gun and, if fitted, the rocket motor, which then provide 
the thrust to eject the seat 

Alter the seat has leit thc aircraft, a drogue (small 
parachute) attached to the top of the seat is deploved To 
ensure quick and positive deployment of the drogue, it is 
pulled out of its container at the top of the scat with some 
foros by a heavy “billet fired from a drague gun. The object 
of the drogue is to stabilize the scat and slow it down to 
a speed at which the occupants parachute can be opened 
without fear of it bursung. 

When the drogue has slowed the scat sufficiently, a 
barostatically controlled (pressure sensitive) time release 
unit releases the drogue from the top of the scat, transferring 
its pull to the canopy of the occupants parachute, pulling it 
out of its puck. Simultancousty the time-release unit 
releases the occupant's safety harness from the scat, and the 
occupant is pulled clear by his opening parachute to make a 
normal parachute descent while his scat falls free. 

Should the ection take place above 10,000 ft (3048 m), 
the action of the time-relcase unit is delaved by the barostat 
control which responds to atmospheric pressure in a similar 
way to an ancroid altimeter or barometer. (Atmospheric 
pressure falls as the altitude increases.) By delaying the 
opening of the main parachute until this height, the seat 
and its occupant, stabilized by the drogue, descend quickly 
through the cold, rarched upper atmosphere. The seat 
incorporates a built-in oxygen supply for the occupant to 
breathe, which is turned on automatically during ejection. 

This entire sequence is automatically controlled from the 
time the pilot operates the scat until he lands by parachute, 
but in the unlikely event of the mechanism failing the pilot 
can intervene and open his parachute by a manual ripcord. 

The use of an ordinary ejection seat is impractical for 
escapes from aircraft flying at speeds greatly in excess of 
the speed of sound, as the pilot will be subjected to ex- 
tremely high and potentially dangerous deceleration forces 
as he Icaves the planc. The force of the air against the pilot 
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could in fact be so high as to tear away his clothing, helmet, 
and breathing apparatus. To overcome this difficulty, 
modern supersonic fighters and bombers may be built so 
that the cockpit section is in the form of a self-contained 
pressurized capsule which in an emergency can be separated 
from the fuselage of the aircraft by explosive bolts and 
rocket motors. The cupsule has purachutes to slow 1 and 
stabilize it, and may be fitted with cioction seats so that its 
occupants can separate from it when a sale velocity and 
altitude have been reached. 

In addition to his parachute, a pilot usually has a pack 
containing a variety of aids to assist survival should he land 
in a hostile or untriendiy environment. 

If he comes down in a lake or the sca a scit inflating 
rubber lile-ralt is used, in addition to his normal lfcjacket 
Of his other survival aids the most important is a radio 
beacon which sends out a distress signal enabling search 
aircraft and ships to locate him. Signalling equipment, 
protective clothing, food and fishing equipment arc also 
contained in the survival pack. 

The cjcction scat is onc of the most important parts of a 
modern military aircraft, and one make alone, the Martin- 
Baker, has saved over 3400 lives to date. 
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SUPERSONIC FLIGHT 


The construction of all aircraft from simple glider to 
swing-wing supersonic craft has to be carricd out with onc 
principal aim in view: to reduce weight as much as possible 
Primitive types at the turn of the century adopted a wooden 
or steel tubular frame covered with canvas or similar 
material to provide the required serodynamic surfaces. 
Such construction methods arc sull used for some simple 
light aircraft, though the canvas may also be replaced by 
glass fibre materials or aluminium sheet. 

But for faster high-powered craft, where dynamic forces 
arc involved, such constructional practice would be un 
suitable. Most larger aircraft use a reinforced monocoque 
construction, in which the outer shell takes a lot of the 
stress but is backed up by a suitable Irame of light alloy. 
The shell is sometimes made of solid light alloy but 
nowadays tends to be a sandwich of two thin layers glued to 
a metal ‘honeycomb’ mesh to give high stiffness with low 
weight. The aim here ıs to produce a material akın to 
corrugated cardboard in cross-section 

For supersonic aircraft, where the stress problem be- 
comes even more acute, wings and other components have 
to be made by machining outer skin and Irame together 
from solid picces of alloy. Though giving the strength and 
heat resistance that are necessary, this method is very 
expensive and has contributed considerably to the high 
cost of, for instance, the Concorde project. It seems likely 
that it will be reserved strictly for military types in future. 

Common to all forms of transport is the emphasis on 
speed. The longer the distance to be covered, the greater 
the speed necessary to accomplish the journey in a reason- 
able time for commercial cconomy, personal comfort and 
military safety. Since the birth of powered aviation in 1903, 
speeds have increased from 40 mph (64 km/h) to well over 
4500 mph (7242 km/h) and the technology is now available 
to support any objects envisaged. Costs rise stecply with 
increases in speed, however, and there cxists, particularly 
for commercial aviation, an economic limit associated with 
the velocity of sound waves in the air. 

Sound is a wave disturbance in the atmosphere, rather 
like the ripples which spread out when a stone is dropped 


into sull water. The velocity of sound waves in air is 
proportional to the square root of the absolute temperature. 
At sca level, in temperature zones, where the average 
temperature is about «9 F (14 C), sound waves travel at 
761 mph (1225 kmh). The velocity falls with increasing 
height (because the temperature is dropping) until at just 
over 36,009 ft (10.97 km) it is only 691.3 mph (1112.5 
km h). Further increases in altitude, at least up to about 
60,000 ft (18.29 km), have no eflect since the temperature 
of the atmosphere remains constant 

During the last century an Austrian scientist, Professor 
Ernst Mach, studied the propagation of sound waves, and 
in recognition of his work the speeds of aircraft flying close 
to the velocity of sound are described by thar Mach 
numbers. At sca level an aircraft travelling at 761.5 mph 
1225.5 km hj is said to have a speed of Mach 1, and if it is 
making 1320 mph (2124 km/h) at 40,000 ft (12.19 km), its 
speed is Mach 2. Flight up to Mach 1 is described as 
subsonic; that above Mach 1 عد‎ supersonic. 

During World War TI, piston-engincd fighters were 
sometimes flown at speeds considerably above normal 
during test or in combat, and their pilots would report 
severe bufleting or even loss of control. The greater 
performance of the carly jet fighters brought with it 
increasing experience of these compressibility effects, as 
they were called, though their maximum speed suli fell 
short of Mach 1. The struggle to fly ever faster, and the 
difficulties involved, gave rise to the popular though 
erroneous idea of a ‘sound barrier 


Beloso: the North American F86 F- zo Sabre was faster than the 
MIG-15 below 35,000 feet and mould recover from a spin 
"hands off’ 

Next page top: the Bell X-1 rocket powered plane was the first 
supersonic craft, October 1947. 

Centre: the X-15 rocket plane, here launched from a B- g. 
reached 4534 mph! 7297 kph) in October of 1967. 

Bottom: schlieren photo of a Concorde model m a wind tunnel. 
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shock-waves is a breakdown in the airflow behind them, 
which mav cause loss of control 

The first aircraft to fly faster than sound was America’s 
little rockct-powered Bell XI which, carried by a con- 
verted B-29 Superfortress bomber into the stratosphere in 
order to conserve fuel, attained. Mach 1.06 on 14 October 
1947. A few years later, employing the German idea of wing 
sweepback to reduce drag, jet Hghters were able to exceed 
Mach 1 in a dive, though their engines were sull in- 
sufficiently powerful to take them to the speed of sound in 
level flight. America's F-86 Sabre and Britain's Hunter 
were examples of these transonic aiscralt. 

The first truly supersonic aircraft was the North 
American F-100 Super Sabre of 1953, which could reach 
Mach 1.25 in level flight. It had an even morc streamlined 
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shape than its predecessors with, in particular, un ex Nowadavs there is no particular difhculty in designing a 
tremely thin WINE. Such was the pace ol devcloj ment that hghter to fiy at up to Mach 2.4, though spocds above this 
only five vears later the Lockheed F-104 Starfighter showed call for the use of special metals to resist the high tempera 
sustained speeds of Mach 2 to be not only technically tures caused by the eon ol au molecules PIssing OCI 
the structure. At che beginning of 197° the fastest aircraft 
in the world were the Lockheed SR-71 reconnaissance 
vebicies and Russia» MiGr-25 intercepter, code-named in 
the West 'Foxbat ; both cruise al heights of over 80,000 ft 
24.38 km) at Mach 3, approximately 2000 mph (3218 
km/h) at that altitude. Fastest of all, however, was the 
possible but militarily realistic. It had an cxaggeratediv North American X IS research aircraft which, on 3 October 
small wing, only a few inches thick, and with such sharp 1967, few at 4534 mph (7297 km,h), equivalent to Mach 
edges that they had to be covered with felt when the 6.72. The friction heating was so severe that parts of the 
aircraft Was on the ground to prevent pcopic [rom injuring airframe became redhot, and so tough, ven expensive 
themselves. Inconel (nickel-based) alloys were necessary to withstand 82 
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IN-FLIGHT REFUELLING 


A:r to air rcfuclling permits increased range duration for 


aircraft, tts militare 
flexibility of the 
tactical and strategico roles, both 
calls 
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In 1932 Sir Alan 
interest in refuelling in Hight, and in 1934 hc and Squadron 
Leader Helmore attempted a non-stop fight to India in an 
Air Speed Courier aircraft refuelled trom Handley Page 


wos unnected. hauled 


LOC 
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Wio tankers. The attempt had to be abandoncd, however, 
due to failure of the (utter throttle linkage shortly 
iter compicuon of the second refuclling. In the same year 
light Retuelline Limited was incorporated as a company 
for experimental and development work in thus field, 
! Alan Cobham. The culmination of his 
development work came in 1939 when the first scheduled 
thett-refuclicd service up to carry mail between 
London and New York. The aircraft operating the service 
Short C class Wing boats, having a take of weight 
Ib (24,050 kg) which was increased to 64,000 Ib 
when airborne. ihe tanker aircraft were 
Pace Harrows capable of carrving 1,000 gallons 
f fuel, The first fight took place on $ August 
sixteen of the Atlantic were 
achieved before the outbreak of war caused the service to 
be discontinued 
ihe the single scat jet hyhiter presented the 
problem of establishing contact with a receiver in which 
an operator could not be employed. 10 meet this require 
ment the probe and drogue system of flight refuclling was 
introduced in 1949. Today 11 ıs employed. as standard 
practice by all the major military powers with the exception 
of Strategic Au Command of the United States, who use 
the Boeing fiving boom method. This calls for an operator 
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receiver's receptacle. fitting. In the former method by 
Flight Refuelling Limited the pilot أن‎ the receiver aircraft 
is in command of the operation. In the latter, the pilot of 
the receiver is under the command of the tanker's boom 
operator, The first experiments with the flying boom 
system began in May 1949, using a Bocng K-29!’ 
tanker and an ER-29 as the receiver 

In the probe and drogue system, the tanker trails a hose 
termunaung in a rooepuen coupling and drogue, while the 
receiver has a nozzle fitted to a probe mounted on the 
nose or wing leading edge. To make contact the receiver 
merely fics his probe nozzle into the conical drogue while 
overtaking at 2 to ¢ knots. The nozzle automatically 
opens its valve and that in the reception coupling, thus 
enabling the passage of fucl between the two aircraft. 
On completion of tucl transfer, the receiver pilot has only 
to close hes throtue slightly and drop back until the hose 
reaches its full trail position when the probe nozzle 
withdraws from the reception coupling. Thus the receiver 
pilot has only to switch on his fuel system and fly in 
formation to receive fuel while the tanker pilot fics straight 
and level. The tanker equipment is automatic apart from 
simple system selecuon by the tanker operator. This is 
best illustrated by the Mark 20 retuclling pod which can 
be fitted to a lighter or convert it into à tanker and can be 
used on single scater types, in which case the pilot operates 
the tanker equipment 

A fail-safe philosophy is applied in the design of the 
bose unit such that in the event of any single failure the 
unit will discontinuc fuc] transfer and apply the hose unit 
arrester mechanism or wind in the hose. The main con- 
siderations arc the safety of the two aircraft during the 
transfer of fuel, In the event of any hydraulic tailure a 
secondary compressed air system ss provided to allow the 
hose to be fully trailed and jettisoned — whereas an electrical 
failure will cause the hose to automatically rewind and 
stow itself. 

Among thc many aircraft currently in usc as tankers are 
the Handicy Page Victor 1 and Victor 2 (UK), Bocing 
KC 135 (USA) and the Tupolev Tu-16 (USSR). In the 
case of single and two scat fighters, almost any type can 
be converted to the tanker role by fitting a Mark 20 FR pod. 


Above top: two Lightning intercepters of RAF strike 
command tating fuel from a Handley Page Victor 

Above: the Boning ' Flying Boom system. 

Opposite page. transferring fuel berween roo i bombers 
of the Umted States Army Au Force. The plane was designed 
by Goofjrey de Havilland, firs! flee in 1917 and was hicense-bunlt 
m the USA 
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the British one and achicved comparable success. In 
contrast, the Germans never got their system properly 


oresnized, which was a drag on their eilircicm v. 
Since thc war, great advances have been madi 
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THE HELICOPTER 


Helicopters und autogvros are superhesallv similar to oni 


another in that both are wholly sustained in fight by the lift 
generated as a result of the rotatıon of long thin wines, or 
rotor blades, in a horizontal plane 

Ihe blades ol an autogyro 
hy the action of 
helicopter are driven by engine, Autogyros cannot there 
forc land or take off vertically in calm air 
the ther take ff er land 
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denyned by George 
Cayley in 1834, thas carly idea 
had rotors for lift and 
propellers for thrust. It was 
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centuries. Many helicopter models were made by carly flight 
moncers such as Sir George 4 avlev in 1792 Ihe hrst 
helicopter capable of carrying a man was built by Paul Cornu 
in France in 1907, powered by a 24 hp engine, but insur 
mountable stability and cuginccting problems held back 
helicopter. development compared with that of con 
ventional aircraft 

lanuarv 1942 that the world's first 
Practical helicopter, the VS-316A, was built by the Russian 
| Sikorsky. This machine, 
irmed services of the USA and 
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Britain, had the simplest possible configuration for a heli- 
copter and one that is still the most widely used today. 

The main structural element of a helicopter is the fuselage, 
housing the crew, payload, fuel and powerplant, which until 
the mid-1950s was a piston engine but is now usually a gas 
turbine, The output shaft from the engine, turning at several 
thousand revolutions per minute, is connected to a man 
gearbox, which steps down the speed to between 300 and 
4co revs min to drive the rotor (the assembly carrving the 
hub and attached blades). 

The reaction of the rotor spinning in one direction would 
cause the rest of the helicopter to rotate uncontrollably in 
the oppesite direction. In order to prevent this a secondary 
rotor, of smaller diameter, is mounted on the rear end of the 
fuselage and driven by a second shaft from the gearbox at 
such a speed that it exactly neutralizes the turning action of 
the main rotor. 

Each of the blades of the main rotor (modern helicopters 
have any number from two to seven) is inclined (with its 
leading edge upwards) so that it meets the air at à small angle 
to the horizontal, This is the pitch angle, analogous to the 
pitch of a propeller or a screw thread. 

When in hovering flight the combination of rotor speed 
and the pitch of the blades provides a lift force which exactly 
balances the weight of the helicopter. In order to climb, the 
rotor bas to generate more lift, and this is achieved not by 
increasing the speed of the rotor (the rotor speed of à 
particular helicopter at all times remains virtually constant, 
irrespective of what the aircraft is doing) but by increasing 
the pitch of the blades. More lift, however, also means more 
drag (wind resistance) and so extra power is needed Irom 
the engine, 

The pitch of the blades is controlled from the cockpit by 
means of the collective pitch lever, so called because ıt 
changes the pitch of all the main rotor blades by the same 
amount, This lever is mounted on the floor, and is one of 
the very few differences between the cockpit of a helicopter 
and that of a conventional fixed-wing aircraft. Operated by 
hand, it is moved up to gain height and down to descend, 

Since most manocuvres, including climbing and descend- 
ing, necessitate changes of power, the collective pitch lever 
has a twist-grip throttle control at the top so that engine 
power and blade pitch can be controlled and co-ordinated 
with onc hand. 

Helicopters have no wings or tailplane and so the main 
and tail rotors are required to generate between them not 
only the forces needed to provide lift but also those needed 
to control it. In order to make the helicopter travel forward, 
or in any other horizontal direction, the rotor has to be tilted 
in that direction. Its reaction, or total lifting force, is then 
inclined away from the vertical and can be considered as 
being made up of two components: onc acting vertically to 
balance the weight, and the other, much smaller force, 
acting along the direction in which the pilot wishes to travel. 

To make the helicopter travel faster, the rotor blade has to 
be tilted further so that more of the reaction of the rotor acts 
in the desired direction. At the same time the vertical com- 
ponent of lift must be maintained, so more engine power has 
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Above top: changes in Made 
puch are provided by the 
auch plate, tec l moves up or 
doren for collective change or 
tilts for cvelte change. 

Above: thë rotor blades flap 
upwards tohen they are moving 
teurdt the front of the 
machine, and dowmscards when 
they are moving towards the 
rear, in order to make the lift 
equal on both sides. Thas is 
necessary because of the 
forward speed of the avrcrofi. 
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TOW Cobra (plan) 

1 TOW guidance control 

2 TOW sight stabibzation 
amnlılıer 

3 TOW power supply 

4 Main rotor 

5 TOW launcher pods 
(wo mıssnies each) 


lbore: the Hell All-ıCı [free to Ix applico 
Cadra, ax used ES CEY PA I he rotor is made to ult by arrange that one half of the 
US forces m V tet Nam. Used disc IFO out by the rotating blades sencrates more lift 
mamiy for carmalty cracnmattion. than the viber ball, and this is achieved Di increasing the 
i wus also hited as à gunshap lade uncle on onc side and decreasing it on the other, Thus 
it has a E yoomung teerbostna) the pitch of u blade goes through a complete cvele, from 
NEUEM The man rotor I nesh naxımum to mummum and back alal. Junnz we revo 
is dI Pee ( i 7m und rane 2 0 Tuta 
milecf 370 Sn lhe «cic patch control, which determines where on the 
Far righi: a Huey gwolipb in rotor disc the variations of kit shall «cur to perform the 
the lehne Delta, 1967. There desircd manocuvre, or change the speed, is commanded by u 
as close avioni xih mea conventional contol column in the cockpit. Change in 
patroi boats in search qind bendine the direction in which the helicopter 15 pointing 
ATOY nr relative to north) are made by collectively altering the pitch 
of the tail rotor blades by means of conventional ruddcr 
pi dals 


As the forward speed of the helicopter increases, the 
velocity of the forward-moving blade is increased by un 
amount equal to the speed of the aircraft, while that of the 
roarward-movinyg blade is decreased by the same amount, 
Eventually a situation is rcached when the forward-moving 
blade is approaching the speed of sound over a considerable 
portion of its travel. Undesirable acrodynamic effects then 
cause the drag of the blade to increase rapidiv and its litt to 


TOW Cobra (elevation | 

1 Pilor's controls 

2 Pilot's seat 

3 Pilot's head tracker 
(stowed |) 

4 750 VA converte: 


5 Missile selector contro! 
6 Power shalt to Lai! rotor 


7 Control 5 
8 Power unit: 1,400shp 


Lycoming T53-L-13 
turboshalt 


9 Ammo container 

10 762mm Minigun 

11 Sight eyeproce (stowed) 
12 Gunner's head tracker 
13 Gunner's position 
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11121001 to spin in Opposite 
lin Mons 9 hat 1 FCU one af oni cancets that ot 


the lusclage to 


rotat ١ the im! e r can be disi ed with. This reduces 
tf Wi Y TINO 1 1 0 wir dc 1 eh - X "WU develoned 
by 1 eines Lo be put to usctul work ın lung and moving 


ine SOLO iv De nountod transversciy across the 
usclage as on the Mil-12, the world's largest helicopter, or 
can be located at either id of the fuscluge as on the 
Botine Vertol CH-47 Chinook, IL hey may be set onc above 
ti ther an Gere hy "11111141 Fa shaft ko 5 on im Kamor 
i on separate shalts mounted at 
as withthe Miland 
the Boeing! the rotors intermesb with cach other and the 


sheht angle to one another: on this cas 


h ve T be AN hronized së) tin blades do not 
noi 


propulsson for 


Ihe general adoption i gas turbine | 
mers in nia of piston engines in the mid- [GOS 
in a tremendous 111110١6113116 in periormance., 
vowadavs piston engines are only to be found on the older 
instead of gencruune a high- 


velocity stream of het gases to thrust the aircraft through 


Or Yun Iles NCH Copiers 


the air, as in the jet engine, the power of the engine is 
extracted mechanically by hrung it with extra turbines and 

nnecting these to the shaft which drives the rotor. [his 
type of powerplant is known as a turboshaft engine, and only 


a small proportion of the gas energy emerges as thrusi 


VERTICAL TAKE-OFF 


Sol. standing for vertical or short take-off and landing. is so lar 1 i 
aterm used to des ribe the aılııv of a ipocral class of nrerali pa is mas mmercial 1 i UNI inl = 
to ascend or descend Vertically, so permitung them | for specialized tasi such ys l-r) ervicine and th 
operate from very confined spaces on the ground. Hel maintenance note of Inacgessul quipment. II 
Copier and balloons are obvious examples, bot të Ioscrin «special abilitscs at and at t ens f 
tion has come LO aj più more speabialiv to aircralt having a tructural. serodynimic an FOrMIISIVE el 
more or less fixed-wing layout, but possessing special Since the 19508 nad 
features which permit them to hover or land or take-off improve the spe f helicopters by adding engines 
without signibcant forward moto: ihe teri “io, [ PIOPciicrs tO give forvia uad. 4 | wings ti 
vertical takc-ofl and ndine is synonymous with y Stol relieve the load on the rot ko trat at i 1 spe IVI 
and was current some vears ago, But designers now 1 : no lift, but simply roca VI I" son I th 
mae that signilicarnit increases in payload or range may be re undesirable elect compelli | nor ti al 
secured where circumstances permit a short ground run lilt and thrust sumultancouslv at speed arc posti i 
und Ine newer lerm more ااا‎ fene his benebt \lthoush à number ni DRIP d hehoonter vë tË 
Ihe term Stol in isolation denotes a tvpe of aircraft which called, bayc been built and fown IDEEN 1 
though capable of operating from very short runways erformance has not justified t <tr mpicxit 
cannot land or take off verticali [he next step was rhe converti pla: he simplest form ol 
VY Sol aircratt share some of the benchts and penaltic vhıch has a conventional fusclage and tan IC and d I 
of both fixed-wing types and helicopters. They may be ri small wing having two rotors af its tips, simular to those ol 
garded as extending the low-speed capability ol the former a helicopter but of aller diameter. For take-off 
and improving uic high-speed performance of the latte: landing these rotate horizontally, as with a helicopter ul 
Though Di outstuncding er t11) helic mt rs have thi arc Turned to «mn in vort mane for forward em. when 
fundamental disadavantage ol being slow. While a lew can they act as outsıze propellers. Converti} ve bows 
attain 250 mph (400 km h), most can cruise at only half that investigated in more detail than, probably, any other torn 
speed l'ha urt essentially Iheretore short-range. vehicles, ot V/Stol 6 nhgurati m. be use in the opinion of many 
and their value as a means of 111171 has been larech d SEDCTS icy « ter u moti eprable set o mpri 5 
overshadowed by their uscluiness lor tasks demanding an 


ability to hover or fiv slowly for long periods, or land and _ i | 
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Efforts to improve their maximum or cruising speeds have Py compressed air nozzle: 


i 2 
1. Pitot head 15. Tad puffer 
2. Nose puller 16 Navigation light 27 
3 Cockhmt console 17. Ham 
4 Canopy 18 Aur brake 
5. intakes 19 Main whoels 


20 30mm cannon pod 

21 Outrage: wheel 

22 ASSM-9 Sidewinder messele 
43 Outboard ordnance pylon 


6 Pegasus turbotan 

7. Fan na norte 

B Rear exhaust norzie 
9 Bleed au ducting 


10. Wing spars 24. Nose wheel 
11. Wing tap puffer 25. Landing boht 
12. Outrrgger wheel 26. Wheel well 


13. Hoat shicids 
14. Parachute housing 


27. Rudda quadrant 
28. Bleed air ducting 


America s 
transport 


Wide variations of the basic idea are possible; 
I. IV-Hilkr-Rran VC-142 was a four-enginod 
in which the entire carrving the engines and large 
propellers, rotated about a horizontal axis së that the 
propellers could be moved in unison. Germany's VEW- 
designed VC. 405, though it never Mew, had two rotors on 
the tips of cach of us tandem wings - tour in all. Again, 
there arc no production aircraft of this layout ving at the 


win, 


present lime 

la all the vonhgurations described, lilt and thrust. has 
been obtained by the use of rotors or propellers. However 
un equally large number ol experimental types have been 
built and flown on the power of conventional jet engines 
Perhaps the most ambitious ol these was Dormer s Do31, a 
medium-sized. transport which combination of 
special sectored-thrust and lift engines supplied by Rolls 
Rovee, and was thought in the late 1960s lo have commer- 
cial possibilities, (In a vextored-thrust engine, the thrust 
can be directed downwards lor hit or rearwards lor pro 
pulson 

Interest in V. Stol reached a peak about 1970. The West 
German Air and the German airline Lufthansa 
together held a competition to select a roo-scat transport 
suitable for both civil and military application, No fewer 
than four propects were put up by industry, and onc of them 
was chosen as the winner. However when the desen was 
analvzod in grcat detail the drawbacks and technical 
difficulties were seen to be insuperable, and the idea was 


used 4 


Fur U 


sheived, 

At about the sume ume in Britain investigations werc 
being made into V Stol airliners with virtually the same 
operational requirements, and Hawker Siddeley made a 
proposal lor a 100-scat transport with a range of $00 miles 
and a speed of Mach o 84. The propulsion system wus 
based on the discrete lift thrust technique, which for any 
V Stol aircraft ix the alternative to vectored thrust 
Instead of varving the direction of thrust of onc of morc 
engines to give the required proportion of lift to propulsive 
fone, the two forces are venerutcal DA seperate sets. ot 
Ihe Hawker Siddeley HS.141 was designed 


CURO 


around twe large engines for cruising power and a battery of 
16 small engines to be switched on at the begannung and end 
of the flight to generate the lift required to keep the aircraft 
in the air when the small, swept wing could no longer 
scncrate sutficiont lift. The evaluation showed, again, that 
despite the applicatton of very advancod technology, the 
deen would be technically risky and commercially 
unattractive 

At the present time there كر‎ only one V Stol arcralt in 
servico: Britain's Hawker Siddeley Harrier hebter, designed 
for the close support of troops in the field. This apparenti» 
conventional (at first sight) behter ix powered by a single 
Rolls-Rovce Pegasus jet engine in which the propulsive 
exhaust is ejected through four vectorod-thrust nozzles. 
This fighter is not dependent on runways vulneruble to 
bombs, but can flv from any small clearing a few miles or so 
from the battle. The time taken to flv a mission, return to 
the operating site and prepare for the next mission 15 
considerably less than for a more conventional type, which 
mav have to fiv up to 20 times the distance to reach the 
target, and then spend more time making a normal landing 
and then taxying back to the refuciling and rearming hays. 
The Harrier has a greater productivity; it can deliver à 
greater load of bombs on the target in a given time. The 
engine is sized to lift the aircraft vertically at take-off and ss 
about twice us powerful as the powerplant fitted to a 
conventional fighter of cquivalent size and performance; 
accordingly, for a given fuel weight the Harrier can fly only 


Above: the Hascker Siddeley Harrer AV-8 A USMC, 
The US Marmei tibe the arrcrali., ut onde 
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half as tar us Reiben 
penalty. H a ground roll of 1,000 It or so is available 
conventional fighters need 10,000 to 12,000 It 4 much 
heavier bomb load can tx 
which this amount of space cannot be found arc rarc, Sto! 
performance is a morc guide to the militare 
eflectiveness of the Harrier than its Vtol capability, 

I ic Harriet has been sold to the LS Marines, 
who soon discexered a new flexi Meme in its design 

technique called VIFF 
| his makes the ancralt mere manocu crabk 
If an enemy plan 


However in view of this is no 


and 
earned, and since situations in 
realistic 


jump jet 
I hen 
have developed vectoring m 
forward flizht 
than conventional fighters 
for example, the pilot of the Harner con swivel the exhaust 


is ın purun, 


nozzles, causme the aircraft to slow down very suddenis, so 


that the enemy pilot must overtake whether he wants to 
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be far off. Inter en airliners, despite their unique 


In contrast ippoars ti 
milite Li 
than 


land on a parking lot, demand more gn 
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touch down pomis have to be isolated to some extent Irom 


the terminal arca, with its pussengeors, servicing racnitics and 


vchules, because of the destructive effect of the jet «Mus 


The minimum size of such a Y Stol port might be about < 
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acres, and a «stc of such an arca 35 not casıly acquired in th 
central regions of a city such as London or Zurkh, porti 
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new types ol conventi | aircraft cu 


culariv when the collision hazards 
into account. Again 
use exiting facılıties, so the cos of introduces them i not 
IDcreased by such wwerlicaus. With \ Stol ES KONOMI 
the introductory costs would be associated with the cust of 
huikhng fi rmonal 13 Thee? "etf 3c HORE Arcas, i ctuching points 
and the many other peripheral activities nocdod to ensun 
the smooth flow of [^ 


bueyes! technical problems are the reduction Of nose and 


rhaps < million passengers a year, | 


the development ol specia navigation IO hniqui s to enabl 
planes to come down steeply in all weather conditions and at 
night. Even for military transports, where safety levels may 
be relaxed a little and the profit motive is absent, the nest 
tenen ol Hansens will Ix designed i tol, and not 


V Stol, operation 
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GLIDERS 


In the carly days of aviation the Jack of suitable lightweight 


engines hampered the general advance and exploration of 


fiving. As a result, gliders have a much longer history than 
powered aircraft 

Ihe first gliders were made by Sir George Cayley who, 
after à series vi models, constructed at Brompton, car 
Scarborough, Yorkshire, gliders to carry a boy in 1849 and 
Cayley's coachman in 1853. Other ghders were made around 
the tum of the century by Otto Lilienthal in Germany, 
ere Pilcher in England, and Wilbur and Orville Wright in 
America, culminating in the first fight of a powered aircralt 
on 16 December 1903. From that date, apart from people 
learning to fiv, gliding was mainly 3gnored until compet 
tions were orgunized at the Wasserkuppe in 1920 and 1921 

From these mectings the sport of gliding grew throughout 
Europe. It reached England in 1929, although a brici 
meeting had been held in Sussex in 1922. The first Inter- 
national Competition was held in Germany in 1937, but 
during World War II large transport gliders were built to 
carry up to 60 troops or small vehicles. After the war, 
sporting gliding spread throughout the world, and inter 
national competitions have been held on a regular basis in 
the various continents since the 1948 competition in 
Switzerland 

[here are two basic methods of launching a glider into 
the air. The first is winch launching, in which a long steel 
cable is wound on to a powered drum and the glider pulled 
into the air ın a similar manner to the launching of a kite 
Ihe other launching method is using un aircraft to tow the 
elider up to any desired height. An carlier method, using an 
clastic rope to catapult the slider into the aic trom the top 
edge of a cH or high hill, is now rarely used. Gliders may 
also be launched bv towing them behind à car or truck 

Once in the air, a glider cannot maintain a steady 
horizontal flight path indefinitely, and the line of the tight 
path will slope downwards relative to the horizon. The angle 
herween the horizon and the flight path is known us the 
eliding angle, and the minimum value for cach glider, 
known as the best gliding angle, is used to give a direct 
comparison as to the efhciency of cach type of gudet. Before 
the last war a high-performance glider had a best gliding 
angle of around 1:24. By 1955 gliders had improved, and the 
average gliding angle of 1:35 was being achieved. This was 
duc to improved surface Anishing and the use of laminar 
serofoils, although the gliders were sull made trom the 
traditional wooden materials of spruce or pine with birch or 
gaboon plywood covering. Nowadays best gliding angles of 
iso are being obtained but the constructional materials 
used are usually glass fibre with synthetic resins. These 
plastic materials give the very smooth surfaces necessary to 
suit the specialized acrofoils used on modern competition 
gliders in order to achieve best ghding angles at higher 
speeds than were previously possible. 

Minimum ‘tink’ ar high speeds is nowadays very import- 
ant in a glider, as Competitions usually consist of triangular 
courses around which the competitor has to fh Js quickly as 
possible. After launching, usually by acro-towing, the pilot 
has to find a thermal or any other air that is rising upwards 


faster than the gider is sinking through it. Having thus 
climbed to a suitable height, the competitor sets off on the 
desired course as fast as possible, gradually losing height 
until another thermal is found, and so on until the course is 
completed. In addition to thermals, other types of rising air 
currents can be found when air is blowing up the face of a 
steep hill, og when waves arc set up as air masses pass over 
mountainous countryside. 

A glider is controlled in exactly the same manner as an air- 
craft, including the use of flaps when these are fitted. Most 
gliders are also hited with wrbrakes to limit the maximum 
speed and to assist landing the glider in small elds. Some 
gliders also have tail parachutes to act us air-brakes. 
Competition gliders carry a very comprehensive range of 
ring instruments, including an airspeed indicator, an 
altimeter and a vanometer to show the vertical mse and 
sinking speeds. Oxygen equipment and radios are also 


carried, and jertisonable water ballast inside the wings to 
increase the speed, when weather conditions are good, and 
to achieve the best gliding angle. | 

At an average gliding club today a visitor would find 
several different types oi glider in usc, and these would be 


either single or two seat machines, The two seat gliders are, 
usually, used for instructional flying, cither showing 
students how to operate the controls of the glider or how to 
make circuits of the airfield to be able to land correctly. 
Gliders used for this type of vine may be quite old wooden 
machines, although new motorized gliders have recently 
been introduced into some clubs for this purpose, The 
engine is quite small but, by using powered gliders, a club 
can offer instructional flying at any time regardless of the 
weather Other two scat gliders, of higher performance and 
built of light-alloy metal. are used to give lessons im 
advanced techniques of gliding 

Single seat gliders may be found in many different sizes 
and shapes. The modern glass fibre competition machines 
have wing spans of either 15 m (49.2 ft to suit the Standard 
Cluss rules, ez up te 23 m (73.5 ft) for the Open Class 
competitions, Many other older competition ghders, of 
wooden construction, are now used for practice and 
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pleasure wine (Occasionali Pre-War Vintage eli tna" him is a control bar, called the trapeze, which is at 
he sevi i hut thesi lare Lake to the air nowadavs. CX Cent ul the keel and braced to the eoornerms of thi raft hi 


special events md disp! VS cables 
Paragliders l'he pilot controls the glider by pulling or pushi 
With the appearance of paruchders, which are also called «` moving it to one side or the other. He contribut 
hang gliders, the age-old dream of strapping on a pair of the greatest proportion. of the total airborn 
wines and emulatine the birds has almost come tri lider weighs about 40 Ib o ke and so 
(Counties: Mens down the ages have med teathers o4 Dem ilum. he is able to move the tra " 


fanciful wines to their bodies in attempts to fiv. but their take up the desired attıtus By puslunë on the 


deaths and iniuries. Lilienthal in Germany and Pilcher in cnumpic 
England in the late roth century showed that this method of Po fiv, the pilot straps h elf into the harm 
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lost their lives during experim«euts th slope is greater than th lidine ans! hi 
The technical basis for what ix prohabiv the fastest itself into the air Y Bi urspeed has risi 
growing sport in the word was put o wound lootıng BI mph (23 to 26 km h) Un a cal v the | 
Francs M Rogallo, à scientist at America’s National Acro machine to a landing st the bottom إن‎ the full, | 
nautics and Space Administrati wi investigated tl ind one speed so that he lands on his lect. But 
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foundation for the new sport which has been developing in von as he has taken oll, an 

California since 19 I his ts known as slope soanngz. a ١ be cont 
Ihe basic hang glider, and the most commonly used at is the wind blows 

the present time, isa direct descendent of the design tested Ropallos ure simple and cheap t wild 

by NASA. and is known as a rogallo, alter its designer. Itis can be folded ur into a small bund iM GANI 
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SEAPLANES 


Small scaplunes sull play an important role, particularly in 
Canada and Alaska and other countries with many lakes and 
harbours and limited surface access such as Norway, 
Finland and the USSK. Scaplancs are the only practical 
means of transport around the Canadian north where they 
serve in hundreds as tasis, ffraghters. ambulances and fire 
bghting water-bombers 

Water is as demanding Scuplane 
pilots must also become sailors. Likewise scaplanc designers 
must understand hydrodynamics as well as acrodvnamics 
Both must appreciate the complex forces of water and wind 
on water. The variations and conflicts in design, both past 
and present, arc as numerous as those of the boat industry 

The acrodvnamic factors diller little except for a preier- 
ence for keeping wings, tailplane and engines high and as far 
as possible from spray, The scaplane's greater bulk forward 
usually calls for a larger vertical tail arca to control it. But the 
‘landing gear’ requires unique considerations such as good 
Notation and stability, ruggedness and lightness plus hydro- 
dynamic hit with munımal spray 

Like an ordinary boat, a fiving boat must have its centre 
of buovancy beneath us centre of gravity (og). enough dis- 
placement for its gross weight, enough frecboard to prevent 
swamping and a high bow for low-speed taxving. It differs 
oniv in the greater stability offered by wing-tip floats or 
other outrigger-type stabilizers, which compensate for a 
hich ce and a minimal keel. Retractable water cudders are 
usually fitted to assist low-speed taxving 

For take-off, the hull must mse quickly out of the water 


an clement as the ur 


and start planing like a specdbout if fiving speed is to be 
attained, and so the hull bottom is designed to push the 
water downwards. A shallow W shaped bottom is now 
almost standard, often shghtiv concave to fatten out the 
spray and improve hit. Fluted bottoms with an intermediate 
chine of ridge running between Keel and side improve these 
characteristics and are now popular on floats and small 
fiving boats. 

Unlike a speedboat, where the cg is near the stern or 
transom, an aircraft also needs hull support well behind the 
ce, to cope with displacement when at rest and to give lift 
dunng carly acceleration. So slightly. behind the cg. the 
flying bout hull has a sharp up break called the ‘step’, corres- 
pending to the transom of a boat, Ihe step reduces shin 
friction on the hull afterbady while planing and allows the 
aircraft to tilt up at lift-off to achieve a suitable fying angle 
for the wings. When planing, the aircraft is described as 
being “on the step’ and can also taxi at speed like this with 
low throttle setting while manocuvrng tightly vet safely. 

The floats fitted to landplanes to convert them into Anat- 
planes are lithe more than small, scaled hulls, Modern floats 
also have some acrodynamic shape to give lift and reduce the 
weight penalty. Twin floats are now standard, although a 
single float was popular before the war and a tail float was 
carried on some carly scaplancs. The high stance of Host 
planes, however, gives them a high ce and sensitivity to 
crosswinds 

Helicopters, not needing hydrodynamic gear, are often 
ted with light, intlated-rubber pontoons or have these 
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strapped to landing skids ready for inflation by compressed 
gas. Some larger modern helicopters even have full boat hulls 
or amphibious operation. A new concept now under test 
exploits vertical sponsons to provide a smootber ride in 
heavy seas for air-sea rescue craft, Fixed wing aircraft could 
swivel such floats to the horizontal for take-off and landing, 
Possible use of lightweight water skis and hydrofoils hus also 
been receiving attention in recent vears. 
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Engine instruments 

The basic engine instrumentation of a light piston-cngined 
aircraft comprises gauges showing the cvlinder head tëm. 
perature, otl pressure and temperature, and engine speeds 
in revs min The jet engine, however, needs additional 
instrumentation covering jet pipe temperature (JPT) and 
engine pressure ratto (EPR), The JPT has to be critically 
balanced between the engine running efficiently hot or 
completely burning out, The outlet gas temperature, 
usually between $00 and 80°C (932 and 1562°F), is 
measured by thermocouples, their signals being used both 
for indication wad for automation engine control, 

Engine power is a vital porameter during take-off, and 
with propeller aircraft. this is frequently indicated by a 
hydraulic pressure gauge operated by a transducer in the 
drive mechanism, or by engine inlet manifold pressure 
gauges. Jet cugine power measurements are derived from 
EPR, JPT and engine speed measurements. 

Hazard warnings 

Hazard warnings usually take che form of lamp or audible 
warnings rather than instruments, Stall warning, for 
example, is frequently presented by an obvious warning 
light plus a mechanism which shakes the pilots control 
column. Undercarriage faults and fire warnings are usually 
indicated by lights and an audible warning. 

Artificial horizon 

The artificial horizon provides indication of aircraft 
attitude in both pitch and roll and is particularly valuable 
for “blind” flying conditions. The heart of the instrument 
is a Vertical free gyroscope acting as a fixed reference about 
which the aircraft rotates 

In the basic instruments the gyro is inbuilt, and presenta- 
tion is usually in the form of a moving bar attached to the 
gimbal ussembly, which is read with reference to a fixed 


'gull's wing’ type of symbol that relates to the banking 
position of the aircrafts wings. Additional information, such 
as roll angle in degrees, is often presented. 

In aircraft with more advanced equipment, where the 
gyroscope is remote from the instrument, further informa- 
tion may be combined, often with the horizon as a back- 
ground shown in the form of a moving sphere coloured 
appropriately to represent curth and sky. 

Turn and slip indicators | 
These are two-part instruments which enable the pilot to 
first set à required rate of turn (for example a ‘rate 1° turn 
is No in onc minute), and then to relate this to the correct 
bank angle. When turning there are two components of — 
acceleration, one due to the Earth's gravity (vertical) and 
the other due to the turning motion (lateral). The correct 
bank angle of an aircraft is when the resultant of these — 
accelerations is acting perpendicular to the aircraft floor 
If the aircraft is wrongly banked, it is said to be ‘slipping’ or 
‘skidding’, and apart from this being an inefficient flight — 
path, an uncomfortable sideways force is exerted on the i 
occupants. 

| 


Although the more complex instruments derive their 
signals remotely, the basic instrument relics on an inbuilt 
gyroscope coupled to a pointer to indicate the rate of turn, 
und an inclinometer consisting of a ball in a fluid-filled 
curved tube to indicate the axis of acceleration. The 
inclinometer is similar in principle to a spirit level except 
that a mass is used rather than an air bubble, so that it is 
sensitive to acceleration forces. 

Flight director systems | 

This is a generolized title for a family of instruments where 
the purpose is to combine many of the navigational and 
flight control readings into a common display. Super- 
imposed upon this display is a number of director bars and 
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pointers which automatically move into alignment when 
the aircraft is brought on to a predetermined flight path 

This type of equipment is also known as an Integrated 
Instrument System, Flight Control System, or Pictorial 
Navigation System. These systems consist of two basic 
instruments, the Horizon Flight Director, which represents 
a rear view of the aircraft, and the Course Flight Director 
which represents the aircraft viewed from above. 

The data driving the instruments is obtained clectrically 
from other systems including the aircraft compass, radio 
navigational aid and altimeters, and remote gyroscopes 
similar to the artificial horizon or rate of turn indicator 
Height error sensing devices may also be incorporated, or 
other aircraft systems which may be of simple nature or may 
include a complex air data computer and inertial navigation 
system. 

The Horizon Plight Director is generally based upon an 
artificial horizon display represented by a moving sphere, 
and to this may be added a rate of tura indicator, radio ulti- 
meter and inclinometer and command bars indicating speed 
and altitude. 

The Course Flight Director is principally a compass 
indicator, with the addition of course director bars and 
pointers which correlate magnetic compass headings with 
the relationship to radio beacons. The system may also 
include distance measuring equipment (DME) and fight 
path indication. 

Speed indication 

The speed of the aircraft may be expressed in terms of 
distance travelled per hour or, in the case of high speed jet 
mecralt, by the Mach number (the ratio between the wrcratt 
speed and the spocd of sound). These instruments compute 
the aircraft. speed from the difference between static oir 
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pressure and the pressure ol airstream, using a pitot head 
transducer ro determine the airstrcam pressure 

A pitot tube is primarily used for the measurement ol 
speed or velocity of à fluid, either gas or liquid. The 
instrument is named after Henri Pitot, whe recorded work 
in 1732 on the measurement of water How, In principle, td an 
open-ended tube faces the flow of the fluid, a pressure wall 
build up which will increase with the velocity of How, thus, 
if a pressure gauge is attached to the outlet of the tube, the 
gauge will indicate fluid velocity. The pitot tube is used to 
measure the speed of aircraft 

The tube facing the fluid is known as the head and is 
required to sense a total pressure, which is the addition of 
the surrounding (static) pressure and the pressure duc to 
flow (dynamic pressure). The face of the tube creates an 
obstacle to the flow; this is known as è stugnation peint and 
creates a stagnation pressure, and it requires very Careful 
design to make the stagnation point give the required 
total pressure, 

To derive an indication of velocity a pressure difference 
must be measured between the total pressure and the 
surrounding static pressure, which is sensed by static vents. 
In a simple system the vents are holes piercod in the side of 
the outer tube assembly, but in large installations such as 
aircraft, the airflow is complicated and therefore static vents 
are placed at a number of positions and the average pressure 
is taken 

Total pressure is directly dependent upon the density of 
the fluid, which is directly dependent upon absolute 
temperature (temperature measured in Kelvins, where 0 © 
is 273 Kelvins- 273 K). The error on measured velocity 
due to temperature change is approximately 0.2", per Gm 
air ond therefore compensation must be included for high 
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accuracy. Aircraft air speed indicator (ASI) systems do not 
usually have temperature compensation because first the 


error is not serious in this application and second the 


actodvnamıc properties which control tight are all affected 
in the same manner 

A typical design is the E. shaped tube, which is satisfactory 
where the fluid How عر‎ straight and net swirling, that is, 
there is no turbulence. This design will begin to give 
significant error of the flow deviates more than about 10 
but by shaping the inlet hole, flow angles of up to +60 are 
aceptable. A general purpose pitot static tube would he 
about £ mm 0.3 inch diameter and have a smooth surface 
The nose must be carefully tapered or shaped to give both 
nummum disturbance to How and achieve a good total 
pressure. Smaller لوه‎ larger versions are made for special 
purposes. often with in built temperature sonsing clements; 
also, very special shapes are necessary lor supersoni 
conditions. A number of pitots may be grouped to measure 
angles of madence or turbulent flow and if icing is probable, 
electrical beating may be added 

The basic mbe is usually metallic, either non-ferrous or 
stainless stec) and the mounting and surrounding assembls 
is often plastic or of à fibrous material. In conditions where 
domage may occur a protective shield may be added but this 
must not interlere with the How; additionally, the nose max 
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be hardened to prevent abrasive action disturbing the shape. 

In subsonic conditions. the pressure difference sensed by 
the pitot-static system is proportional to velocity squared, 
that is, every time the velocity is doubled the pressure 
difference increases by a factor of four, As velocity increases 
towards the speed of sound in thc fluid, shock waves begin 
to build up until supersonic conditions are reached, where 
the pressure can in some cicumstances decrease with 
increased velocity. At these speeds, there is a nood for special 
tube shapes 

At low air velocities, the pressures are extremely small, 
for example, at 2 mph (about 3 ft sec, 1 m s) the pressure is 
only about 0.0001 psi, at 200 mph (100 m s) this increases 
to about 1 pas Thus for faster moving vehicles such as 
Aircraft, the pitot booomes a practicable method of air speed 
indicaron. Complications arise, however, because, duc to air 
density changes with altitude and temperature, the indicated 
ar speed TAS) is not the true air specd (TAS). At 3.000 Il, 
the TAS is approximately twice the LAS 

Lo موحت‎ accurate Calibrations, the pitot system must be 
placed in a fluid flow which is directed accurately along the 
axis of the tube, without disturbance or turbulence. This is 
known as linunar How, A common method is to use a 
whirling arm rus, which consists of a rotating arm, perhaps 
10 to zo ft (7 te 6 m) long, whose outer end travels in y 
circular trough. The pitot is mounted on the outer end of the 
arm and although the travel is circular, the radius is lange 
enough for the fluid How to be considered laminar. This 
method is useful for the lower velocity calibrations and has 
the advantage that the fluid velocity is known directly from 
calculation of the arm speed and dees not require reference 
to any other fluid How instruments 
Air traffic control 
For most of his route, the pilot of any aircraft uses on-board 
navigational instruments and sometimes clectronic assistance 
(rom the ground to find lus own way and make bis own 
decisions. But when he is fying into or out of a congested 
ares, the pilot is subject to the binding decisions of the air 
trallic controller. 

Mr trathe control, or ATC, must determine the minimum 
sufc spacing between aircraft, both horizontally und 
vertically, in his zone. Lis flight progress board is kept up to 
date partly by means of the flight plan required by cach 
flight. He also receives information from adjacent zones 
about aircraft about te enter his zone, and provides such 
information about aircraft leaving his zone. His plan 
position radar (PPI) gives the exact position and distance of 
cach aircraft in his zone. He communicutes by radio- 
telephone with aircraft as far away as 200 miles (300 km). 
An clectronic direction finder gives the compass bearing of 
any incoming radio signal, 

Using all this equipment, the controller must be con- 
stantiv aware of Changing situations and moving trafic. Ata 
big airport the controller is responsible for the safety of 
hundreds or perhaps thousands of passengers at any given 
moment. At times of great congestion it is the controller who - 
directs aircraft to a holding or stacking arca, where ١ 
planes fly round and round but separated from one 
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oi inertial funi 

from external navigation aids to correct the guidance errors 

Direction finding 

Most aircraft soll carry Automatic Direction Finding 
WDF) equipment for finding thcir position in arcas where 


there ss poor coverage by other systems. They nse a simple 
n T ici 1 ip transmisstons from radio 


beacons itt oop peck< up the strongest sıenals {rom 
AT which urë at neht angles to it. son can be used to 


in improvement on this very simple system is the VOR 
x VHE Ommdiınxtonal Range. VOR transmitters radiate 
VILE radio beam which retutes in the same way as the light 


Cam I hihouse It does this 20 1١111 u second, while 
trunsmutune a signal which varics at 20 Hz, so that cach 
tation of the beam corresponds to a single cycle of the 
11 inother transmission, which docs not rotate, 


sent out also at 30 Hz arranged so that the two are in phase 
" ١ the rotating beam points to magnetic north, on which 
navigation systems arc based. Equipment on the aircraft 
tuned ro the VHF transmission, and receives the two 
111 » which will be out of phase to an extent. which 
pends on their direction. By coupling this direction 
formation to the autopilot. the plane will Ay automatıcallı 
|! thc beacon. VOR beacons arc located at suitable ınervals 
along established air vorndors 
Distan Measul ng ١ Juipment DMI ‘and lactical Aur 
N dpa tn LACAN) are also ava lable on mik h flown-over 
routes, and use airborne intcrrogator-receciver cquipmoent 
SAMO DME systems transmit a signal to a round radio 
bacon, automatically triggering a reply signal. The tme 
interval between the original transmittod pulse and the reply 
is directly related to distance and is read off by the receiver 
in nautical miles. TACAN is a military form of DME and 


normally vives the beacon ¢ direction as Well gs its range 


TACAN عر‎ also used air-to-air to give range and direction 
between suitably equipped co-operating aircraft. Ranges of 
UME und TACAN are typically 200 miles (320 km). 
Landing 
Near an airport are the ILS (Instrument Landing System 
beams used in mr traffic control, Equipment on the plane 
uses the ground-bascd localizer, marker and glide path 
transmitters to guide the pilot to the airport and help in 
the landing procedure. Outer, middle and inner marker 
beacons give the distance from the runway threshold, and 
glide path signals provide guidance on the correct angle of 
descent. The mrport locahzer beacon is picked up some 20 
to 30 miles | 30 to so km) away and the wircraft approaches to 
start the landing run at an altitude of some 2,000 ft (600 m) 
When the glidepath signal ys picked up the pilot follows this 
down, his progress being indicated by successive market 
beacons. Visual and audible indications are given on the 
sequence ol events and of uny corrective action to be tuken. 
Weather radar 
Most large commercial aircraft arc fitted with weather radar 
Which provides the fight crew with a picture of cloud 
lormations and other atmosphere disturbances ahead. [he 
equipment consists ol a forward looking radar mounted in 
the nose of the aircraft and a display unit in the Might deck 
ihe radar scanner can be tilted downwards to provide 
ground mapping as an extra navigation aid when crossing 


cost lines, estuaries or Other prominent geographical 
features. For weather radar, ranges of up to 300 miles 
1480 km) are possible. Good interpretation of the radar 


picture depends to some extent on the skill and APET 
of the crew 

Military electronics 

Iilectronics has revolutionized air warfare as much as the iet 
engine. Its first applications were in the held of flight safety 
and accuracy, in which radar and miniature computers 
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such tasks from the aircrew 


With 


load of 


bel pod to take the 
Ning them more time for basic decision making 
performance figures for aircralt climbing so last, it was 


thought in the mid-19468 that what was needed was 3 


weapon that could think for itself, Th 
could be locked onto 


homing missile 
with us mintaturized computer "brain , 
its target and hired, Icavıng the pale cof the uncralt to brea} 
off the action. So great were the hopes pinned on the missile 
that the end of the manned aircraft was foressen, As 15 
matters, however, chectronn 


always the case in such 


counters to the new weapons were swiftly developed, and 


row were still necdad in 
men had the necessary 


the electronic warfare race was on. û 
auxralt, st was realized, Io onis 
mental equipment for high-speed intuitive decision making 

With the realization both extremely 
sophisticated clectronics are necessary, and the design of 
Aircraft to mect the new requirements, We have entered u 
No longer do we talë combat 


that crew and 


new era of aur warfare 
sircraft, but rather of aircraft as weapons delivery systems, 
with the avionics airborne clectronics) as important as the 
The combination has indeed revolutionized 
mph 
he Vietnam conflict and the last 
In these wars 


chack, albeit in an 


arirame iseli 
the science of att 
American involvement in 
two wars between the Arab states 
the gun has made something ol a con 
advanced form with radar and electronic uming aids, but 
missile, for both 


war. as demonstrated ın the 
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has been on the 
And A^ 


the mam emphasis 
offensive and defensive 
anvthing, in present day aircraft, deicnce against the missile 
[LU king 


purposes much as in 
lies in electronic counter-mcasurcs to confuse I 


hostile brain as in performance and manocuvrubility. It is 
worth noting, moreover, that offensive loads can now also be 
delivered with a degree of accuracy undreamed of in World 
War If. Free fall bombs are placed with pinpoint precision 


with the aid of radar and computers, and advanced weapons, 
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detection and countermcasurs, and sccuring tactical 


As may De imoginced Irem the above factors, aircraft have 
increased enormous in cost, complexity and weight MDL 
end of World Wa 1 | he avionics often cost as much or 
note than the basic aircraft Even Russia and the United 
States arc finding it hard to finance the numbers and types 


| aircraft needed by their air forces. This cost factor has 
therefore gradually led to the erosión of the eld differentials 
كن‎ wort iroralt as fighters, bombers or other types of 
nilıtary surcralt oda urcralt have to be capable ol 

wbline tnplıng ther rolcs to make them more così 


lective. With the excepuion of the large strategic bombers 

by the superpowers, warcraft have to operate as 
Inke aircralt with conventional or nuclear weapons, recon 
even trainers, With even 
the superpowers having to do thas, it is understandable that 
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other countries are finding the burden too heavy on their 


wn. Ihus have been born in the 1640s and 19708 inter- 
national projects such as the |British-CGerman-[talian 
Mulu-Kole Combat Aırcrafı (MECA. the Briush-French 


. 


Jaguar, and the British-French Puma and Gazelle heli 
copters, It seems almost certain thai 1 aurcralt continue to 
uxrcasc in sizc and complexity, and therefore in cost, 
multi-national co-operation will become the norm. The 
basic airframe, the engines and a proportion of the avionics 
will be standard, with individual national buyers finishing 
the mrcratt to their own particular requirements 

The three main types of military aircraft in use today are 
the manned bomber, the mulu-role support aircraft and the 
radical’ types such as the Harner ‘jump ct and gunship 
helicopters. It is likely that the manned bomber will con: 
tinue as a first-line weapon for some time to come. Although 
not as potent in destructive potential as surlace- or sub- 
marine-launched intercontinental ballistic missiles, aircraft 
still have the capability of great destrocuon with thermo- 
nuclear weapons, and also considerably more ficxibility than 
zuided weapons 
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dhe Turboclair fog dispersal 

yy Men eliminates fog by 
blomine hot arr over the 
runway to bë cleared. The ar is 
heated by unt tt through a 
per engine; then it ts mixed uith 
some cooler a:r before being 
bon across the Tunay. 


dynamics has been used. This has had a limited success in 
tropical fog conditions, but the physical principles involved 
are not fully understood. Elecirostancallv charged water 
droplets ute projected inte the foe. Ir is assumed that these 
charged droplets attract other droplets of opposite charge 
and so “coagulate and grow until thev fall to the ground 

log vaporization mvolves heating the air from 2 to 3 C 
above its dewpoint so that the water droplets cvaporate 
Several have been devised including petrol 
[gasoline] and gas burners along the runway, infra-red 
heaters and heat exchangers (which make use of the latent 
heat vi water vapour), but none has proved to be satisfactory 

For visibility on modern runways a volume of fog 300 ft 
90 m) wide, 7,090 ft (2,100 m) long and 200 It (60 m) high 
must be cleared. It has been estimated that, under the worst 
conditions, this would require 2,000 MW (2,000 million 
watts} roughly the entire output of of the largest 
power stations in Britain. Under less demanding conditions, 
it is possible to obtain clearance using smaller amounts of 
power 

At both Orly and Charles de Gaulle airports in France, 
for example, jet engines have been buned alongside one of 
the runwavs, This system, known as “Turboclair, is the 
only operational fog dispersal system for civil use, 

Other schemes have been developed which ‘dry’ the air 
using chemical drving agents. Certain compounds, such as 
common salt (sodium chloride), calcium chloride, sodium 
alginate and urca have an affinity tor water and, when 


systems 


pri 


spraved into a log, will absorb the water droplets. To 
achieve clearance in a well defined arca such as a runway is, 
however, a difficult operation because of cross winds — it is a 
myth that there is no wind with fog. Also, the rate of spray- 
ing and particle size must be carcfully calculated on the type 
of fog that is, the size and density of the droplets) 

More attention is now being paid to the dynamics of fog 
and the physical principles involved. To cvaluate these, 
artificral fog chambers have been built where conditions 
such as temperature, pressure and humidity can be con- 
trollod. Experimental dispersal techniques have been tested 
under these conditions but have proved difhcult to repeat 
under real conditions 

A recent development is a laser radar system which can 
measure log densities at a distance up to 200 vds [180 m) 
away - something which was verw difficult ta achieve 
before, at any distance. Lasers have also been used as 
ancmometers. These operate in the infra-red region and can 
sce through fog and measure wind speeds between 100 und 
200 m | 325 to 646 It) away, 

A quantity more easily measured automatically is visual 
range in fog. This is achieved with a transmissometer, which 
measures how much light is transmitted over a certain 
distance through the fog by using brightly lit black and 
white strips and û pair of photoclectric cells to measure the 
contrast between them. Many mrports have been equipped 
with these to determine, for example, the distance at which 
a pilot should be able to soc the runwuy lighting pattern. 
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